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Description 

1 . FIELD OF THE INVENTION 

5 [0001] The present invention is in the field of animal health, and is directed to vaccine compositions and diagnostics 
for disease. More particularly, the present invention relates to polynucleotide molecules that can be used as vaccine 
components against feline immunodeficiency virus. 

2. BACKGROUND OF THE INVENTION 

10 

[0002] Feline immunodeficiency virus (FIV) infection in cats results in a disease syndrome similar to that caused in 
humans by human immunodeficiency virus-1 (H IV-1 ) infection. After infection of cats by FIV, disease progression begins 
with a transient acute phase illness (8 to 10 weeks), followed by a prolonged asymptomatic phase varying from weeks 
to years, and a terminal symptomatic phase (Ishida and Tomoda, 1 990, Jpn. J. Vet Sd. 52:645-648; English etal., 1 994, 
15 J, Infect, Dis. 170: 543-552). Similar to HIV-1 disease progression (Graziosi etaL, 1993, Proc. Natl. Acad. Sci. 90:6405- 
6409; Baumberger e/a/., 1993, AIDS 7:S59-S64; Wei etaL, 1995, Nature 373:117-122), FIV RNA load in plasma has 
been demonstrated to con*elate with disease stage, and can predict disease progression in accelerated FIV infection 
(Diehl etaL, 1995, J. Virol. 69:2328-2332; Diehl etaL, 1996. J. Virol. 70:2503-2507). 

[0003] Based on the genetic diversity of the ENV protein of FIV, especially the V3 region, five FIV subtypes have 
20 been proposed: subtypes A and B, mainly in North America, Europe and Japan; subtype C in British Columbia and Tai- 
wan; subtype D in Japan; and subtype E in Argentina (Sodora et al., 1994, J. Virol. 68:2230-2238; Kakinuma etaL, 
1995, J. Virol. 69:3639-3646; and Pecoraro etaL, 1996, J. Gen. Virol. 77:2031-2035). 

[0004] Similar to other lentiviruses, such as HIV-1 , the FIV genome contains three large open reading frames, i.e., 
GAG (group antigens), ENV (envelope), and POL (polymerase), and three small open reading frames encoding regu- 

25 latory (/. e., non-structural) proteins, /.a, Rev (regulator of expression of virion protein), Vlf (virion infectivity factor) and 
0RF2 (open reading frame 2). The provirus contains two long terminal repeats (LTR), one at each end of the genome 
(Talbott et aL, 1989, Proc. Natl. Acad. Sci. USA 86:5743-5747; Olmsted et aL, 1989, Proc. Natl. Acad. Sci. USA 
86:8088-8092). GAG is a precursor polyprotein that is processed into three mature virion structural proteins, i.e., the 
matrix (MA), capsid (CA) and nucleocapsid (NC) proteins. ENV is a precursor protein that is processed into two enve- 

30 lope structural proteins, i.e., the surface (SU) and transmembrane (TM) proteins. POL encodes four enzymatic {i.e., 
non-structural) proteins, /'a, protease (PR), reverse transcriptase (RT), deoxyuridine triphosphatase (DU) and inte- 
grase (IN). 

[0005] The mechanism by which protective immunity against FIV infection can be achieved remains poorly under- 
stood. It has been reported by some groups that virus neutralizing (VN) antibodies appear to play a major role in the 
35 observed protection (Yamamoto etaL, 1991, AIDS Res. Hum. Retrovir 7:911-922; Hosie etaL, 1995, J. Virol. 69:1253- 
1255). Consistent with those observations was the finding that cats who passively received antibodies from vaccinated 
or infected cats were protected from homologous challenge (Hohdatsu etaL, 1993, J. Virol. 67:2344-2348; Pu etaL, 
1995, AIDS 9:235-242). 

[0006] By contrast, convincing data also indicates that the levels of antibodies, or even VN antibodies, do not cor- 
40 relate with protection. It has been reported that cats were protected against homologous challenge in the absence of 
detectable VN antibodies (Verschoor etaL, 1995, Vet. Immunol. ImmunopathoL 46:139-149; Matteucci etaL, 1996, J. 
Virol. 70:617-622). In addition, other vaccinated cats failed to be protected in the presence of significant VN antibodies 
(Huisman etaL, 1998, Vaccine 16:181-187; Flynn et aL, 1997 J. Virol. 71:7586-7592; Tijhaar et aL, 1997, Vaccine 
15:587-596; Osterhaus etaL, 1996, AIDS Res. Hum. Retrovir 12:437-441 ; Verschoor ef a/., 1996, Vaccine 14:285-289; 
45 Rigby et aL, 1996, Vaccine 14:1095-1102; Lutz et aL, 1995, Vet. Immunol. ImmunopathoL 46:103-113; Flynn et aL, 
1995, Immunol. 85:171-175; Gonin etaL, 1995, Vet. Microbiol. 45:393-401). This discrepancy appears to result, at least 
partially from the different cell systems and virus isolates used in the VN assays. It has recently become evident that 
fresh isolates of FIV obtained from naturally infected cats are much less sensitive to VN antibodies than laboratory 
viruses adapted to growth in tissue culture (Baldinotti etaL, 1994, J. Virol. 68: 4572-4579). It has also been found that 
50 the same antibodies which neutralized FIV infection in Crandell Feline Kidney (CRFK) cells failed to neutralize FIV infec- 
tion in primary feline thymocytes (Huisman et aL , 1 998, above). These data indicate that the VN antibodies detected in 
vitro may not play any role in protective immunity in vivo. 

[0007] In a few limited reports, cell-mediated immunity was investigated following vaccination. In one report, it was 
found that cellular immunity, especially ENV-specific CTL responses, played a major role in protecting cats vaccinated 
55 with whole inactivated virus (Flynn etaL, 1996, J. Immunol. 157:3658-3665; Flynn etaL, 1995, AIDS Res. Hum. Retro- 
vir. 1 1:1 107-1 113). It was also reported that long-term protection was more closely con-elated with the induction of ENV- 
specific cytotoxic T-cell activity (Hosie and Flynn, 1996, J. Virol. 70:7561-7568). 

[0008] It appears that both humoral and cellular immunity are involved in achieving protective immunity in the acute 
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phase after challenge, but for long-term protection, cell-mediated immunity appears to be more important. However, the 
question still remains which viral protein(s) or subunit(s) or combinations are capable of inducing protective immune 
responses In one report, although both cell-mediated and humoral immune responses were induced in cats vaccinated 
with a multi-epitopic peptide within the ENV protein, vaccination did not confer protection against homologous challenge 
(Flynne(a/.. 1997, above). 

[0009] As in HIV-1 . an observation that complicates the development of an effective FIV vaccine is the enhance- 
ment of infection that has been observed in cats immunized with certain vaccines. Such enhancement of infection has 
been observed in a number of FIV vaccine trials in which either recombinant subunit vaccines, synthetic vaccines, 
whole inactivated virus vaccines or fixed, infected cell vaccines were used to vaccinate cats (Ostertiaus et al., 1996, 
above Siebelink etal.. 1995, J. Virol. 69:3704-3711; Lombardi etal.. 1994, J. Virol. 68:8374-8379; Hosie etal.. 1992, 
Vet Immunol immunopathol. 35:191-197; Huisman etal.. 1998, above). For example, in an ENV subunit vaccine tnal, 
enhancement of infection occurred despite anti-ENV and VN antibody production, and this enhancement could be 
transferred to naive cats via plasma pools from the vaccinated animals, indicating that the enhancement vras probably 
mediated by specific antibodies (Siebelink ef al. , 1 995, above). 

[0010] It appears that antibodies against ENV tend to enhance infection more readily than antibodies against GAG 
protein However, the mechanism by which antibodies enhance FIV infection remains poorV understood. In HIV-1 , anti- 
body-dependent enhancement requires that the target cells express either the immunoglobulin Fc receptor (FcR), or 
complement receptors (CRs). The enhancement is a biphasic response based on serum dilution; that is, at higher anti- 
body concentrations, viral neutralization is observed, whereas enhancement is seen at lower antibody concentrations 
(Mascola etal 1 993 AIDS Res. Hum. Retrovir. 9:1175-1 1 84), The enhanced infectivity may interfere with the induction 
of protective immunity in FIV , which may partially explain the reason why a large number of FIV vaccination experi- 
ments in which ENV protein or its subunits were used as vaccines were unsuccessful. Therefore, the rational develop- 
ment of vaccines against lentiviruses, including FIV and HIV-1 , requires the careful assessment and selection of 

vaccine immunogens. ^ „ ^- i-iw ^~.-.„« 

[0011] Since the discovery of FIV, many attempts have been made to develop a safe and effective FIV vaccine. 
Three different groups have attempted to vaccinate cats with fixed virus-infected cells; however, conflicting results were 
obtained from these vaccination trials. The first group found that all the cats vaccinated with fixed FIV-infected cells were 
protected from challenge with plasma obtained from cats infected with the homologous virus, despite the fact that no 
VN antibodies were detected after vaccination (Matteucci etal., 1996, above). The protection conferred by this vaccine, 
however was relatively short-lived and difficult to boost (Matteucci etal., 1997, J. Virol. 71:8368-8376). Similar results 
were reported by the second group describing protection against homologous, but not heterologous, FIV challenge up 
to 12 weeks post-challenge (Bishop ef al., 1996. Vaccine 14:1243-1250). However, when cats were monitored up to 
week 50 post-challenge, a loss of protection against the homologous virus was observed. Also, protection could not be 
correlated with the levels of antibody to p24 capsid protein or VN titers. In contrast to these findings, the third group 
reported no protection when ten cats were vaccinated with a fixed FIV-infected cell vaccine. Eight of the cats became 
viraemic 5 weeks post-challenge, although significant VN antibodies were detected at the time of challenge (Verschoor 
ef a/., 1995, above). 

[0012] Anothertype of conventional FIV vaccine that has been tested is whole, inactivated virus. The first success- 
ful whole-inactivated FIV vaccine was reported by Yamamoto's group, whteh observed greater than 90% protection 
against homologous challenge (Yamamoto etal., 1991, AIDS Res. Hum. Retrovir. 7:911-922), and slight protection 
against heterologous challenge (Yamamoto etal., 1993. J. Virol. 67:601-605). Both humoral and cellular immunity 
against FIV were induced and high levels of anti-ENV. anti-core, and VN antibodies were observed in the vaccinated 
cats Recent studies have indicated that both virus-specific humoral immunity, especially VN antibodies, and cellular 
immunity especially the ENV-specific CTL responses, play a role in the protection induced in cats vaccinated with 
whole inactivated virus (Hosie and Flynn, 1996. above; Flynn etal.. 1996, above; Hosie etal.. 1995, above; Elyar ef 
al 1997 Vaccine 15' 1437- 1444). However, in contrast to the studies described above, vaccination of cats with whole, 
inactivated FIV incorporated into immune stimulating complexes (ISCOMs) failed to protect against homologous chal- 
lenge (Hosie ef a/., 1992, above). 

[00131 Another approach for FIV vaccine development that has been extensively investigated recently is recom- 
binant vaccines A number of FIV subunit vaccines have been tested, including those containing recombinant core pro- 
tein synthetic V3, or multi-epitopic peptides, glycosylated or unglycosylated recombinant ENV protein, and various 
vector-based systems (Elyar etal.. 1997. above). Unfortunately, although significant levels of antibodies were generally 
induced by such vaccinations, all attempts failed to protect vaccinated cats against homologous challenge (Huisman ef 
al 1998 above' Flynn etal.. 1997, above; Tijhaar etal.. 1997, above; Osterhaus etal.. 1996, above; Verschoor ef a/., 
1996, above; Rigby etal.. 1996, above; Lutz etal.. 1995, above; Flynn etal.. 1995, Immunol. 85:171-175; Gonin etal.. 
1 995 abov©) 

[0014] Recently a DNA vacx;ine was tested for FIV Cats vaccinated with plasmid DNA carrying FIV structural 
genes, including ENV and plO gene (i.e., the NC protein of FiV). exhibited strong humoral imnnune responses. How- 
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ever, none of the vaccinated cats were protected from homologous challenge (Cuisinier etal. , 1997, Vaccine 15: 1 085- 
1094). 

[0015] In addition, WO 98/03660 describes various fonmilae for feline polynucleotide vaccines including against 
FIV, but only mentions the use of ENV polyprotein and GAG/PRO polyprotein genes, and does not describe the use of 
5 other FiV genes, or substituent genes from the particular polyprotein genes, nor does it provide any data showing effi- 
cacy of any particular FIV vaccine. 

3. SUMMARY OF THE INVENTION 

10 [0016] The present invention provides a vaccine composition against feline immunodeficiency virus (FIV), compris- 
ing an immunologicalty effective amount of a polynucleotide molecule comprising a nucleotide sequence selected from 
a portion of the genome of an FIV strain, or a nucleotide sequence which is a degenerate variant thereof; and a veter- 
inarily acceptable carrier. The FIV strain can be any strain of FIV, but is preferably strain FIV-1 41 having a genomic RNA 
sequence con-esponding to the DNA sequence shown in SEQ ID NO:1 from nt 1 to nt 9464. 

15 [0017] In a preferred embodiment, the polynucleotide molecule of the vaccine composition comprises a nucleotide 
sequence encoding one or more of a structural or non-structural protein from an FIV strain, or a combination thereof. 
The structural protein is selected from the group consisting of a GAG protein and an ENV protein. The non-structural 
protein is selected from the group consisting of a POL protein and a regulatory protein. The GAG protein is selected 
from the group consisting of the GAG polyprotein and its substituent proteins, /.e, MA, CA and NC. The ENV protein is 

20 selected from the group consisting of the ENV polyprotein and Its substituent proteins, i.e., SU and TM. The POL pro- 
tein is selected from the group consisting of the POL polyprotein and its substituent proteins, /. e., PR, RT, DU and IN. 
The regulatory protein is selected from the group consisting of Rev, Vif and 0RF2. 

[0018] The polynucleotide molecule of the vaccine composition may alternatively or additionally comprise a nucle- 
otide sequence consisting of a substantial portion of any of the aforementioned nucleotide sequences. In a preferred 
25 embodiment, the substantial portion of the nucleotide sequence encodes an epitope of an FIV protein. 

[0019] In a prefen-ed embodiment, the vaccine composition of the present invention comprises a polynucleotide 
molecule comprising a nucleotide sequence encoding an FIV protein selected from the group consisting of GAG, MA, 
CA, NC, ENV, SU, TM. DU and PR. 

[0020] In a more preferred embodiment, the vaccine composition of the present invention is a combination vaccine, 
30 which comprises one or more polynucleotide molecules having nucleotide sequences encoding a combination of FIV 
proteins. In a preferred embodiment, the one or more polynucleotide molecules of the vaccine composition comprise 
nucleotide sequences encoding at least two different FiV proteins selected from FIV structural and FIV non-structural 
proteins, provided that when the one or more polynucleotide molecules encode the ENV and NC proteins from FIV, they 
also encode at least one, preferably at least two, and most preferably at least three other FIV structural or non-structural 
35 proteins. 

[0021] In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least two different GAG proteins from FIV. 

[0022] In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least one FIV structural protein and at least one FIV n on -structural protein. 

40 [0023] In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least three different FIV proteins selected from among the FIV structural 
and FIV non -structural proteins, /. e., the proteins can be either all structural proteins or all non-structural proteins, or a 
combination of structural and non -structural proteins. In a further preferred embodiment, the one or more polynucle- 
otide molecules of the vaccine composition comprise nucleotide sequences encoding at least four different FIV proteins 

45 selected from among the FIV structural and FIV non-structural proteins. In a further preferred embodiment, the one or 
more polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding at least five differ- 
ent FIV proteins selected from among the FIV structural and FIV non-structural proteins. In a further prefeaed embod- 
iment, the one or more polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding 
at least six different FIV proteins selected from among the FIV structural and FIV non-structural proteins. In a further 

50 prefered embodiment, the one or more polynucleotide molecules of the vaccine composition comprise nucleotide 
sequences encoding at least seven different FIV proteins selected from among the FIV structural and FIV non -structural 
proteins. 

[0024] In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise a nucleotide sequence encoding at least one FIV structural protein and a nucleotide sequence encoding at 
55 least one FIV regulatory protein. In a further preferred embodiment, the one or more polynucleotide molecules of the 
vaccine composition comprise a nucleotide sequence encoding at least one FIV POL protein and a nucleotide 
sequence encoding at least one FIV regulatory gene. In a further preferred embodiment, the one or more polynucle- 
otide molecules of the vaccine composition comprise a nucleotide sequence encoding at least one FIV structural pro- 
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,ein, a nucleotide sequence encoding at least one FIV POL protein, and a nucleotide sequence encoding at least one 

mMsT^TaCher preferred embodirr,ent, when the one or more polynucleotide molecules of the vaccine oompo^ 
sSompr se nucleotL sequences encoding a GAG protein, PR protein or ENV prote.n from FIV, or a comb.na.°n 
Sof Tor mo^e nuoleotid'e sequences encoding at least one, more preferably at leas, two, and most preferably at 

tSiir T:^:::^o^e.. the vaccme composition of the present in..ntion -prise^ one or 
re^lynuclertidemollescomprising nucleotide s^^^^^^^^ 

^Imb-^ion vaSe^^^^^^^ sequences encoding the various FIV proteins or polypeptides can be on the same 
DQlvnucleotide molecule, on different polynucleotide molecules, or a combination thereof. ^^^^..^h 
E The polynucleotide molecule of the vaccine composition can efther be a DNA or RNA molecule, arthough 
ml]s preLld The polynucleotide molecule of the vaccine compos'^on is preferably administered as part of an 
5 exoression vector construct, such as a plasmid or a viral vector. ^„,„„,icinn 
Zsi The present invention further provides a method of preparing a vaccine composition against FIV, comprising 
ombling ^^ZnZ^.^^, effective amount of any one or more of the aforementioned P^'V^f 
any one or more expression vectors comprising such polynucleotide molecules, wrth a vetennanly acceptable earner ^ 
a fl surtre for administration to cats. In a non-limrting embodiment, a veterinarily acceptable earner « selected from 
« iSd atuerus or parti^ly aqueous solutions, such as sterile saline or PBS, or cationic lipid preparations, or gold 
mcrSart^^^^^^^^^ the one or more polynucleotide molecules or expression vector, of the vaccine composition 

Tn be coa ed a d adm^istered to an animal for vaccine delivery. The vaccine composrtion can further compnse a sup- 
plen^lTompone^^^^ such as, e.g.. an immunomodulatory agent, which can be an adjuvant, or a cyto irie, or a poly- 
?uSdl mTuTe having a nucleotide sequence encoding a cytokine; or an agent which faal«a^s cellular uptake by 
7^ the vaccinated animal of the polynucleotide molecule or expression vector; or a combination thereot. 

?he pr^ further provides a method of vaccinating a cat against FIV. comprising 9 

Mhe cat a vaccine composrtion of the present invention. In a preferred though non-limrting embodiment the vacc, e 
Iposln ome pLe'nt invention is administered to a cat either by intramuscular or int.dermal ,n,ect,on, or orally, 

ISr' VhLll^nnl^^^^ provides a kit for vaccinating a cat against F,V. comprising a first container 

" Z ising an ilu^lglcally effective amount of any one or more of the aforementioned Poj;"- -^^^^^^^^ 

exoression vectors o, the present invention. In a non-limiting embodiment, the one or more polynucleotide molecule or 
exSrs 0 vS r^ are stored in the firs, container in lyophilized form. The k-,t may optional^ further compnse a second 
TnJner comprising a sterile diluent useful to dilute or rehydrate the polynucleotide molecules or expression vectors 

" ToSr" C:r:^nnnTe"rr;Sdes an isolated antibody that binds spec.cal^ to an FIV protein, which 
Sdy is pmJuced in a mammal in response to administration of a polynucleotide molecule having a nucleotide 
Suel encodingthe FiV protein or an eprtope thereof, such as, e.g.. a polynucleotide molecule or expression vector 
nresent in the vaccine composition of the present invention. ^,^„:«„ik, 
. S The present invenL further provides a vaccine composnon against FIV. -^^^ 

effective amount o, a GAG protein. POL protein. ENV protein, regulatory protein, or a combination thereof, from an FIV 

stL can b'e any strain o'f FIV. but is preferably strain F.V-U1 . The GAG protein is P-^^ V 
from the group consisting of the GAG polyprotein and its substrtuent proteins, ,e MA. CA ^"^^l^^' J^^^^^ P'°*J'" 
oTeTerablv selected from the group consisting of the POL polyprotein and its substituent proteins, /.e PR, RT. DU and 

. TTheENVprnS^^^^^ 

/ e SU and TM The regulatory protein is selected from the group consisting of Rev. Vif and ORF2. 
00331 ?n a more preferred^eLdiment, the vaccine composrtion of the present invention cornprjes a cornb.nation 
of FIV proteins In a preferred embodiment, the proteins of the vaccine composrtion comprise a leas^ ^^^ent RV 
oroteins 2Sectedfrom among the FIV structural and FIV non-structural proteins. In a further preferred embodiment^the 

he valL composHion comprise at least two different GAG proteins from F.V. In a P/f ^^^^^^ 
ir^ent the proteins of the vaccine composition comprise at least one FIV structural protein and at least one F^ non 
Tu ur^ protein. In a further preferred embodiment, the proteins of the vaccine -/^JJ,^^^^^^^^^^^ 
HmTront FIV nmteins selected from among the FIV structural and FIV non-structural proteins. In a further preferred 
ellent r;ot;n?onhe^^^^^^^^ compos.ion comprise at least four different FIV proteins selected from arnong 
Te FIV i^^^^^ FlV non-strucural proteins. In a further preferred embodiment, the P-^^^ °^ ^ 
pos-.ion comprise at least f.e different RV proteins selected from among the FIV — ^^^^ ^^^^^^^^^^^^ 
teins In a further preferred embodiment, the prCeins of the vaccine composition compnse a '^^st s'^^J^^" 
p^eins selected from among the FIV structural and FIV non-structural proteins. In a further preferred embodiment, ,he 
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proteins of the vaccine composition connprise at least seven different FIV proteins selected from among the FIV struc- 
tural and FIV non-structural proteir^. 

[0034] In a particularly preferred embodiment, the combination of FIV proteins is selected from the group consisting 
of GAG/MA/CA/NC; GAG/ENV; GAG/MA/CAASIC/ENV/SU/TM; MA/CA/NC; GAG/MA/NC/DU/PR; and 
5 MA/CA/NC/SU/TM. 

[0035] Alternatively or additionally, the vaccine composition may comprise one or more polypeptides, one or more 
of which is a substantia! portion of an FIV protein. In a preferred embodiment, the substantial portion of the FIV protein 
comprises an epitope of an FIV protein, 

[0036] The vaccine composition of the present invention may alternatively comprise an immunologically effective 
10 amount of any one or more of the aforementioned polynucleotide molecules or expression vectors in combination with 
any one or more of the aforementioned proteins or polypeptides. 

[0037] The present invention further provides a method of preparing a vaccine composition against FIV, comprising 
combining an immunologically effective amount of any one or more of the aforementioned proteins or polypeptides with 
a veterinarity acceptable carrier in a form suitable for administration to cats. The vaccine composition can further com- 

15 prise a supplemental component such as, e.g., an immunomodulatory agent, which can be an adjuvant, or a cytokine, 
or a polynucleotide molecule having a nucleotide sequence encoding a cytokine, or a combination thereof. 
[0038] The present invention further provides a method of vaccinating a cat against FIV, comprising administering 
to the cat a vaccine composition comprising an immunologically effective amount of any one or more of the aforemen- 
tioned proteins or polypeptides. 

20 [0039] The present invention further comprises oligonucleotide molecules that can be used as primers to specifi- 
cally amplify particular FIV genes or other FIV-related polynucleotide molecules, and as diagnostic probes to detect the 
present of an FIV-related polynucleotide molecule in a fluid or tissue sample collected from an animal infected with FIV. 
In a prefen^ed embodiment, such oligonucleotide molecules comprise nucleotide sequences selected from the group 
consisting of SEQ ID NOS: 2 to 47, or the complements of said sequences. 

25 

4. BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

30 FIGURE 1 . Genomic organization of the feline immunodeficiency virus. 
FIGURE 2. Expression vector pCMV-MCS. 
FIGURE 3. Expression vector pCMV-HA. 

FIGURE 4. Plasma viral load detected by virus isolation in the various vaccine treatment groups. 
FIGURE 5. Plasma viral load detected by QcRT-PCR in the various vaccine treatment groups. 
35 FIGURE 6. Number of time points at which virus titer was above 10 TCIDioo in the various vaccine treatment 
groups, as detected by virus isolation. 

FIGURE 7. Number of time points at which virus titer was above 10 TCIDioo ^he various vaccine treatment 
groups, as detected by QcRT-PCR. 

40 5. DETAILED DESCRIPTION OF THE INVENTION 

5.1. DNA Vaccine 

5.1 .1 . Polynucleotide Molecules 

45 

[0041] As used herein, thetenms "DNA", "RNA", "gene," "polynucleotide molecule," "nucleotide sequence," "coding 
sequence," and "coding region" are intended to include both DNA and RNA polynucleotide molecules, and to refer to 
both single-stranded and double-stranded polynucleotide molecules. Thus, the terni "DNA vaccine", as used herein, 
encompasses vaccines comprising either DNA or RNA, or both. Also, as used herein, the terms "gene," "coding 

50 sequence," and "coding region" are intended to refer to polynucleotide molecules that can be transcribed and translated 
(DNA), or translated (RNA), into an FIV structural or non-structural protein in a cat or in an appropriate in vitro host cell 
expression system when placed in operative association with appropriate regulatory elements. Polynucleotide mole- 
cules of the vaccine composition can include, but are not limited to, one or more prokaryotic sequences, eukaryotic 
sequences, cDNA sequences, genome DNA sequences (axons and/or introns), and chemically synthesized DNA and 

55 RNA sequences, or any combination thereof. 

[0042] The genome of FIV consists of RNA that is reverse transcribed into DNA and integrated into the genome of 
an infected feline host. Unless otherwise indicated, all references made herein to specific FIV genes and nucleotide 
sequences and, more generally, to polynucleotide molecules and nucleotide sequences, are intended to encompass 
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20 



25 



both RNA sequences and DNA sequences that correspond thereto according to the complerrientary relationship 
between RNA and DNA sequences, as well as the complements of all such sequences. 

[0043] Design, production and manipulation of the polynucleotide molecules, oligonucleotide rriolecules and 
expression vecto,^ disclosed herBin are within the skill in the art and can be carried out accordmg to known genebc 
tech q"s Which are described, among otherplaces. in Maniatis etal.. 1989. ^1ol.^,laraoninn Al a^^^^^^^^^^ 
Cold Spring HartDor Laboratory Press. Cold Spring Harbor, N.Y.; Ausubel etal.. 1989, above; Sambrook eta 1989, 
f^l'r^il-nn-Ai.hnrato'^vManual. 2d ed.. Cold Spring Hartor Laboratory Press, Cold ^P^ng Harbor N^Yln^ 
ef^. (eds). 1995 PCR Strate^. Academic Press. Inc., San Diego; and Erlich (ed), 1992, PCR Technology, Oxford 
University Press, New York, which are incorporated herein by reference. 

[00441 The present invention provides a vaccine composition against feline immunodeficiency virus (FIV), compris^ 
ng an immunologically effective amount of a poVnucleotide molecule comprising a "-'^'^"^'^^.^Xrof n^a veteT 
a portion of the genorle of an FIV strain, or a nucleotide sequence which is a degenerate • 
mariJ acceptable carrier The FIV strain can be any strain of FIV currently known, or any strain to be isolated and iden- 
"el Stu'e ?ndTs preferably a pathogenic strain. In a preferred embodiment, the FIV strain is FIV^ 41 , wh,ch has 
a genomic RNA sequence corresponding to the DNA sequence shown in SEQ ID NO: 1 (from nt 1 to nt 9464) An infec- 
tious ?rv 141 molecular plasmid clone and the FIV-141 virus were deposrted on Juty 1 , 1998 with the American Type 
Sture C In. and were assigned ATCC Accession Nos. 203001 and VR-2619. re^ectively A«erna.- V^^-^^^ 
of FIV can be isolated from organs, tissues or body fluids of infected cats and propagated in ^'^IJ^^^fj^^^^^^^ 
ard isolation and tissue culture techniques such as those described in the publications reviewed above, and any such 
strains can be used to isolate polynucleotide molecules necessary to practice the P^^^^^'J^^^'^^^ FIV and to the 
[0045] Reference is made to FIGURE 1. which presents the overBll genomic organization of jnd to the 
aenomic sequence of FIV-141 presented in SEQ ID NO:1 . In SEQ ID NO:1 . the 5' LTR is from nt 1 to nt 354. the GAG 
o yp" e nT^^^^^^ Z nt 62no nt 1 976; the POL polyprotein gene is from nt 1 880 to n. 5239; V. is from nt 232 to 
ni 5987- 0RF2 is from nt 5988 to nt 6224; the ENV gene is from nt 6262 to nt 8826; Rev is from nt 6262 to nt 6505 and 

fmm nt 8947 to nt 9161; and the 3' LTR is from nt 91 1 1 to nt 9464. Wmo the GAG P^^^^^'Zrt.Z ^SZZ 
frolt627tontl031;CA is encoded from nt1032 to nt1724; and NCisencoded from nt1725tont1976.M^^^^^ 

OL 0 yprotein gene PR is encoded from nt 1 979 to nt 2326; RT is encoded from nt 2327 to nt 3994; DU i e cod d 
from nt 3995 to nt 4393: and IN is encoded from nt 4394 to nt 5239. Within the ENV polyprotein gene, SU is encoded 
trcm nl 6262 to nt 8088; and TM is encoded from nt 8089 to nt 8826. The nucleotide boundaries presented herein also 
30 serve as a guide for selecting con-esponding genes and coding regions Of Other FIV Strains ^ri^rr^rn 
0046] For polynucleotide molecules encoding structural or non-structural FIV proteins, including, e-Q-. a GAG pro" 
ein POL protein, ENV protein, 0RF2. V«, or Rev, or substantial portions thereof, a nucleotide sequence seful m prac^ 
ticing the presen invenSon can be any sequence which encodes the particular protein or P^'VP^P^f J-^-;;" 
native nudeotide sequence found in the particular FIV genome or. alternatively, a degenerate vanant, <.e. a nucleot^e 
35 e uence that encodes the same protein or pofypeptide, but which drffers from the native sequence as ba on he 
degeneracy of the genetic code. The present invention encompasses vaccine compositions and methods of using poly 
nucleotide molecules having any of these nucleotide sequences. ,„„„ri<=P« » nnrleotide 

[00471 in a preferred embodiment, the poVnucleotide molecule of the vaccine composrtion comprises a nucteotoe 
setuVnce encoding one or more of a structural or non-structurBl protein from an FIV strain, or a combination thereof 
. The 2Sural protein is selected from the group consisting of a GAG protein and an ENV protei. Th-°.^r^^^^^^^ 
protein is selected from the group consisting of a POL protein and a regulatory P[°f " /^^^ °f ^^f^ 
fmm the group consisting of the GAG polyprotein and substituent proteins ,.e. MA. OA and NC The ENV protein is 
selected from the group consisting of the ENV po^protein and its substituent proteins, ,e SU ^.Z^^^ P o 
tein is selected from the group consteting of the POL polyprotein and its substituent proteins, ,e. , PR, RT, DU and IN. 
45 The regulatory protein is selected from the group consisting of Rev. Vif, ORF2 and LTR. 

PM8] in a preferred embodiment, the vaccine composition of the present invention compnses a Po yn^cleotde 
molecule comprising a nucleotide sequence encoding an FIV protein selected from the group cons«ting of GAG, MA. 
CA NC ENV SU TM, DU and PR. ^. 
[0049] ' In a more preferred embodiment, the vaccine composition of the present invention is a combination vaccine 
50 which comprises one or more po^nucleotide molecules having nucleotide sequences encoding a combination of FIV 
proSnsTn a preferred embodiment, the one or more polynucleotide molecules of the vaccine composrtion compnse 
nuSd sequences encoding at least two drfferent FIV proteins selected from FIV structural and FIV non-«l 
SrprovLdthatwhenthLneormorepohynucleotidemoleculesencodetheE^ 

Ltrncode'ueast one, more preferably at least two, and most preferably at least three other FIV structural or non- 

[Sr' 'intfurther preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comorise nucleotide sequences encoding at least two different GAG proteins from FIV. 

[OOsT in a further preferred embodiment, the one or more polynucleotide molecules of the vaccine compositon 
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comprise nucleotide sequences encoding at least one FIV structural protein and at least one FIV non -structural protein. 
[0052] In a further preferred enabodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least three different FIV proteins selected from among the FIV structural 
and FIV non -structural proteins, /.e., the proteins can be either all structural proteins or all non-structural proteins, or a 

5 combination of stnjctural and non -structural proteins. In a further preferred embodiment, the one or more polynucle- 
otide molecules of the vaccine composition comprise nucleotide sequences encoding at least four different FIV proteins 
selected from among the FIV structural and FIV non -structural proteins. In a further preferred embodiment, the one or 
more polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding at least five differ- 
ent FIV proteins selected from among the FIV structural and FIV non -structural proteins. In a further prefen-ed embod- 

10 iment, the one or more polynucleotide molecules of the vaccine composition comprise nucleotide sequences encoding 
at least six different FIV proteins selected from among the FIV structural and FIV non -structural proteins. In a further 
prefen-ed embodiment, the one or more polynucleotide molecules of the vaccine composition comprise nucleotide 
sequences encoding at least seven different FIV proteins selected from among the FIV structural and FIV non-structural 
proteins. 

15 [0053] In a further preferred embodiment, the one or more polynucleotide molecules of the vaccine composition 
comprise a nucleotide sequence encoding at least one FIV structural protein and a nucleotide sequence encoding at 
least one FIV regulatory protein. In a further preferred embodiment, the one or more polynucleotide molecules of the 
vaccine composition comprise a nucleotide sequence encoding at least one FIV POL protein and a nucleotide 
sequence encoding at least one FIV regulatory gene. In a further preferred embodiment, the one or more polynucle- 

20 otide molecules of the vaccine composition comprise a nucleotide sequence encoding at least one FIV structural pro- 
tein, a nucleotide sequence encoding at least one FIV POL protein, and a nucleotide sequence encoding at least one 
FIV regulatory protein. 

[0054] In a further prefen-ed embodiment, when the one or more polynucleotide molecules of the vaccine compo- 
sition comprise nucleotide sequences encoding a GAG protein, PR protein or ENV protein from FIV, or a combination 
25 thereof, nucleotide sequences encoding at least one, preferably at least two, and most preferably at least three, other 
FIV proteins are present. 

[0055] In a particularly preferred embodiment, the vaccine composition of the present invention comprises one or 
more polynucleotide molecules comprising nucleotide sequences encoding a combination of FIV proteins, which com- 
bination is selected from the group consisting of GAG/MA/CA/NC; GAG/ENV; GAG/MA/CA/NC/ENV/SUA*M; 
30 MA/CA/NC; GAG/MA/NC/DU/PR; and MA/CA/NC/SU/TM. When the vaccine composition of the present invention is a 
combination vaccine, the nucleotide sequences encoding the various FIV proteins or polypeptides can be on the same 
polynucleotide molecule, on different polynucleotide molecules, or a combination thereof. 

[0056] The vaccine composition may alternatively or additionally comprise one or more polynucleotide molecules 
comprising a nucleotide sequence which is a substantial portion of any of the aforementioned nucleotide sequences. 

35 As used herein, a nucleotide sequence is a "substantial portion* of a nucleotide sequence encoding a GAG protein, 
POL protein , ENV protein or regulatory protein from an FIV strain, where the nucleotide sequence consists of less than 
the complete nucleotide sequence encoding the particular full length FIV protein, but is at least about 30%, more pref- 
erably at least about 50%, and most preferably at least about 70% of the complete nucleotide sequence encoding the 
particular full length FIV protein, or a degenerate variant thereof, and is useful in practicing the present invention. In a 

40 prefen'ed embodiment, the "substantial portion" of the nucleotide sequence encodes at least one epitope of an FIV anti- 
gen. 

[0057] As used herein, a polynucleotide molecule is "useful in practicing the present invention" where: (1 ) the poly- 
nucleotide molecule, upon administration to a cat, can detectably induce a protective immune response against FIV, or 
can detectably enhance the induction of a protective immune response against FIV when co-administered to a cat with 

45 one or more other FIV antigen-encoding polynucleotide molecules or FIV proteins or polypeptides; (2) the polynucle- 
otide molecule can be utilized in a recombinant in vitro expression system to prepare a protein or polypeptide which, 
upon administration to a cat can detectably induce a protective immune response against FIV, or can detectably 
enhance the induction of a protective immune response against FIV when co-administered to a cat with one or more 
FIV antigen-encoding polynucleotide molecules or one or more other FIV proteins or polypeptides; (3) the polynucle- 

50 otide molecule, or the protein or polypeptide which is encoded thereby, can be used to induce the production of anti-FIV 
antibodies in a mammal; or (4) the polynucleotide molecule or its complement can be used as a diagnostic reagent to 
detect the presence of an FIV-specific polynucleotide molecule in a fluid or tissue sample from an FIV-infected cat. Such 
polynucleotide molecules can be prepared and identified using standard techniques known in the art. 
[0058] As used herein, a protein or polypeptide is "useful in practicing the present invention" where: (1) the protein 

55 or polypeptide, upon administration to a cat, can detectably induce a protective immune response against FIV, or can 
detectably enhance the induction of a protective immune response against FIV when co-administered to a cat with one 
or more FIV antigen-encoding polynucleotide molecules or one or more other FIV proteins or polypeptides; (2) the 
polypeptide can be used to induce the production of anti-FIV antibodies in a mammal; or (3) the polypeptide can be 
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used as a diagnostc reagent to detect the presence of FlV-specific antibodies in a fluid or tissue sannple from an FIV- 
infected cat Such polypeptides can be prepared and identified using standard techniques known .n the art. 
r00591 The polynucleotide r^olecule of the vaccine composition may alternatively or addtionally comprise a nucle- 
otide sequence encoding a po^peptide otherwise having the amino acid sequence of one or more of a GAG protein 

5 POL p2in ENV protein or regulatory protein from an FIV strain, but in which one or more amino ackl residues present 
'n°he nre FIV protein has been conservative^ substrtuted wrth a different amino acid residue, where the polynucle^ 
otide Molecule is useful in practicing the present invention, as usefulness is defined above. Conservat^e amino acKl 
subirtions the nucleotide sequences that encode them, and the methods to prepare them are well known ,n the art^ 
Fo tip e a polynucleotide molecule can be prepared which encodes the conservative substrtution of one or rno e 

,0 mlno acid residues of an FIV-1 41 protein, where the resulting polynucleotide molecule or ^-^^-^P^^^PJ^^^^^^ 

ful in practicing the present invention. Rules for making such substitutions include those descnbed by Dayhof, M.D.. 
978 Nareiomed Ses. Found.. Washington, D.C.. Vol. 5, Sup, 3, among others. N^ore specrfically. conservaUve amino 

Genetically encoded amino acids are generally divided into four groups: (1) acdic = aspartate, glutama e (2) base - 
,5 Sine arginL histidine; (3) non-polar = alanine, valine, leucine, isoleucine. proline, phenylalanine, methionine, t-vp- 
and 4)' uncharged polar= gl^ 
tShan an^^ ^rosine are ateo jo^itly classified as aromatic amino acids. One or more replacements wrth.n any par- 
tSar'group e g of a leucine by isoleucine or valine, or of an aspartate by glutamate. or of a threonine by senne^ or of 
any other amino acid residue by a structurally related amino acid residue, will generally have an insignjcant effect on 
20 the usefilnrs of the resuming polypeptide in practicing the present invention. In a preferred embodiment such a 
po y epi^e hL^g one or more conservative amino aoid substrtutions, as encoded by the P°'ynf ^^J'^^ ° 
the present invention, has at least about 70%. more preferably at least about 80% and most preferably at east abou 
90% sequere identrty to the corresponding native FIV protein or polypeptide, and is useful in p.ctiang the present 

25 In an alternative embodiment, the one or more polynucleotide molecules of the vaccine composition com- 

orise a combination of any of the aforementioned nucleotide sequences. 

K] The Lcine c^mposWon of the present invention can comprise at least two different polynucleotide nnole- 
cules wherein the first polynucleotide molecule comprises a nucleotide sequence encoding one or more FIV proteins 
o polypeptides as described above; and the second polynucleotide molecule comprises a nucleotide sequence encod- 
30 °na one or more FIV proteins or polypeptides that are different from those encoded by the first polynucleotide molecule 
or encoding a dierent antigen useiful in detectably inducing a protective response in cats either against FIV or against 
a'ftereine pathogen such as, e.g.. feline leukemia virus (FeLV), feline calicivirus, orfeline herpes virus, as known 



50 



55 



r00621 ■ Any of the polynucleotide molecules of the present invention can further comprise a nucleotide sequence 
enVoding an immunomodulatory molecule such as a cytokine or a carrier protein, or the nucleotide sequence encoding 
'he irSmunomodulatory molecuTe can be present on a dmerent polynucleotide molecule which can be co-admmistered 

With a Dolvnucleotide molecule of the present invention. 

Tooiai The polynucleotide molecule of the vaccine composrtion can erther be DNA or ^^A. atthoug DNA « p,.- 
ferred and is pref eLbly administered to a cat in an expression vector construct, such as a recombinant plasm.d or >^^l 
vecto as known in the art. Examples of recombinant viral vectors include recombinant adenovirus vectors and recom- 
bSurovr vectors. Howeve;. a preferred vaccine formulation comprises a non-^^^^^^ 

« nMA olasmid based vector The polynucleotide molecule may be associated wth lipids to form, e.g., DNA-lipid cm- 
plexes IrfsSp'Lmef' e^^^ See, e.g., Internationa. Patent Publications WO 93/24640 and WO 98/58630. 

rc^r'Anrprs«^^^^^^ 

mentioned polynucleotide molecules of the present invention having an FIV-related nucleotide '"^ P;!'^^^'' 

Tr^bodiment the expression vector comprises at least a nucleotide sequence encoding one or more antigenic FIV pro- 
teTns o" ubstantial portion of such a nucleotide sequence, in operaf.e association w«h one °!-^ore X^'^scu^^ 
regulator, elements required for expression of the FIV coding sequence in a euka-yotic cell, such as. e.g. a promoter 
eq ence. as known in'the art. In a preferred embodiment, the regulatory element is a strong v-l promoter such ^ 
e g a viral promoter from RSV CMV or SV40. or the LTR promoter from a retrovirus, as known in the art. Such an 
exp;ession vector also preferably includes a bacterial origin of replication and a prokaryotic selectable marker gene fo 
doTng purposes, and a polyadenylation sequence to ensure appropriate termination of the expressed mRNA. A signal 
sequence may also be included to direct cellular secretion of the expressed protein. ^„,:u^h 
roS requirements for expression vectors useful as vaccinal agents in DNA vaccines are further described 

S other places, in U.S. Patent No. 5,703,055, U.S. Patent No. 5,580,859. U.S. Patent No. 5 5 9.466 Internationa 
pTten?Publication WO 98/35562, and in various scientrfic publications, including Ramsay eta 1997. Imrnunol. Cell 
efoT 75^60-363- Davis, 1997. Cur. Opinion Biotech. 8:635-640; Manickan eta/., 1997, Critical Rev. Immunol. 17:139- 
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154; Robinson, 1997, Vaccine 15(8)785-787; Robinson et al., 1996, AIDS Res. Hum. Retr. 12(5): 455-457; Lai and 
Bennett, 1998, Critical Rev. Immunol. 18:449-484; and Vogel and Sarver. 1995. Clin. Microbiol. Rev. 8(3):406-410, 
which are incorporated herein by reference. 

5 5.1 .2. DNA Vaccine Formulation And Use 

[0066] The present invention further provides a method of preparing a vaccine composition against FIV, comprising 
combining an immunologically effective amount of any one or more of the aforementioned FIV-related polynucleotide 
molecules, or any one or more expression vectors comprising such polynucleotide molecules, with a veterinarity 

10 acceptable carrier in a form suitable for administration to a cat. 

[0067] As used herein, the term "immunologically effective amount", as it relates to an FIV-related polynucleotide 
molecule, expression vector, protein or polypeptide, refers to that amount of polynucleotide molecule, expression vec- 
tor, protein or polypeptide, respectively, capable ot inducing, or enhancing the induction of, a protective response 
against FIV when administered to a cat. 

15 [0068] As used herein, the phrase "capable of inducing a protective response against FIV, and the like, is used 
broadly to include the induction of any immune-based response in the cat in response to vaccination, including either 
an antibody or cell-mediated immune response, or both, that serves to protect the vaccinated animal against FIV. 
[0069] As used herein, a polynucleotide molecule, expression vector, protein or polypeptide "can enhance the 
induction of a protective immune response against FIV when Its addition to an FIV vaccine composition comprising one 

20 or more other FIV antigen-encoding polynucleotide molecules, proteins or polypeptides serves to detectabty increase 
the protective response against FIV that would othenwise be induced by a vaccine combination without such an addi- 
tion. 

[0070] The terms "protective response" and "protect" as used herein refer not only to the absolute prevention of any 
of the symptoms or conditions resulting from FIV infection in cats, but also to any detectable delay in the onset of any 

25 such symptoms or conditions, any detectable reduction in the degree or rate of infection by FIV, or any detectable reduc- 
tion in the severity of the disease or any symptom or condrtion resulting from infection by FIV, including, e.^., any detect- 
able reduction in viral load, CD4/CD8 T lymphocyte ratio, mortality, etc., as compared to an FIV-infected animal (/.e., a 
control). The immunologically effective amount of the one or more polynucleotide molecules, expression vectors, or FIV 
proteins or polypeptides, may be administered either in a single dose or in divided doses. For purposes of the present 

30 invention, a protective response is deemed to have been induced if it can be detected after administration of the single 
complete dose, or after administration to the animal of all of the divided doses. The present invention further encom- 
passes the administration to a previously vaccinated cat of an additional "booster" dose to increase the protective 
response against FIV 

[0071 ] In a preferred embodiment, the vaccine composition of the present invention is capable of inducing a protec- 
35 tive response in a cat against homologous challenge, i.e., a cat vaccinated with the vaccine composition exhibits a pro- 
tective response against a strain of the same sub-type of FIV from which the antigenic components of the vaccine 
composition were prepared or derived. 

[0072] In a more preferred embodiment, the vaccine composition of the present Invention is capable of inducing a 
protective response in a cat against heterologous challenge, i.e. , a cat vaccinated with the vaccine composition exhibits 
40 a protective response against a strain of a different sub-type of FIV from which the antigenic components of the vaccine 
composition were prepared or derived. 

[0073] The vaccine composition of the present invention will typically be adapted for intradenmal or intramuscular 
injection, although other routes (e.g., intravenous, intraperitoneal, intranasal, oral, intraocular, rectal, vaginal) can also 
be effective. Veterinarily acceptable can-iers can be any carriers known in the art that are compatible with DNA vac- 
45 cines, as described in the publications cited herein. The vaccine composition of the present invention can be fomnulated 
following accepted convention using standard buffers, can-iers, stabilizers, diluents, preservatives and/or solubilizers, 
and can also be formulated to facilitate sustained release. For example, the polynucleotide molecule of the vaccine 
composition can be prepared in aqueous solution, such as in sterile saline or PBS solution, or incorporated into lipo- 
somes or cochleates for parenteral administration. See, e.g. , International Patent Publication WO 93/24640 or U.S. Pat- 
so ent No. 5,703,055. Suitable other vaccine vehicles and additives that are particularly useful in DNA vaccine fomnulations 
are known or will be apparent to those of skill In the art. Alternatively, the polynucleotide molecule of the vaccine com- 
position can be coated onto metallic particles, such as gold particles, for administration to a cat using a "gene gun." 
See, e.g., Tang etai, 1992, Nature 356:152-154. Thus, for purposes of this invention, metallic particles, such as gold 
particles, onto which polynucleotide molecules or expression vectors of the present invention can be coated and admin- 
55 istered to cats are also considered to be a veterinarily acceptable cannier. Alternatively, the polynucleotide molecule of 
the vaccine composition can be prepared for oral administration and targeted to the Payer's patches, such as by mk:ro- 
encapsulation, e.g., with poly(lactide-co-glycolide) (PLG), preferably into microparticies of < 10 urn in diameter, as 
known in the art. See, e.g., Jones etai., 1998. in: Brown and Haaheim (eds.): Modulation of the Immune Response to 
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Vaccine Antigens . Dev Biol Stand. Basel, Karger, 92; 149-1 55. 

[00741 The vaccine composrtion of the present invention can further comprise a supplemental component selected 
from the group consisting of an adjuvant, a cytokine, a polynucleotide molecule comprising a nucleotide sequence 
encoding an immunomodulatory molecule such as a cytokine or carrier protein which can enhance or modulate the 
immune response against FIV. an agent that facilrtates uptake by feline cells of the polynucleotide molecule such as. 
e g bupivacaine, or a combination thereof. The nucleotide sequence encoding the immunomodulatory molecule can 
either be situated on the same polynucleotide molecule or expression vector as the nucleotide sequence of the FIV anti- 
gen or on a separate polynucleotide molecule or expression vector which is preferably co-administered with, or admin- 
istered at about the same time as, the polynucleotide molecule comprising the nucleotide sequence of the FIV antigen. 
The use of DNA vaccines in combination with cytokines, including, e.g., interleukins and interferons, is descnbed in Lee 
etal 1999 Vaccine 17:473-479; Okada etal.. 1997, J. Immunol. 159:3638-3647; Sin etal.. 1997, Vaccine 15:1827- 
1833! Chow etal., 1997, J. Virol. 71:169-178; Tsuji ef a/.. 1997. J. Immunol. 158:158:4008-4013; and Kim et al., 1997. 
J Immunol 158:816-826, among others, which are incorporated herein by reference. . p,m a 

r00751 Adjuvants that can be used in the vaccine of the present invention are those which are compatible with DNA 
vaccines as known in the art. A non-limiting example of an adjuvant designed for DNA vaccines comprises a negatively 
charged, mineral-based particle preparation, as described in International Patent Publication WO 98/35562 
[00761 The polynucleotide molecules or expression vectors of the vaccine composition can be stored frozen ana 
thawed prior to administration or, more preferably, in lyophilized form and rehydrated prior to administration using a ster- 
ile diluent as known in the art. 

[0077] Polynucleotide molecules and expression vectors of the vaccine composition of the present invention can be 
microencapsulated to improve administration and efficacy For example, methods for encapsulating DNA for oral deliv- 
ery are described in Jones ef a/.. 1998, above. ^ - t ■ 
[0078] The present invention further provides a method of vaccinating a cat against FIV. comprising administenng 
to the cat a vaccine composition of the present invention. The vaccine is preferably administered parenterally, e.g.. 
either by subcutaneous, intramuscular or intradermal injection. However, the vaccine may instead be administered by 
intraperrtoneal or intravenous injection, or by other routes, including, e.g., orally, intranasally. rectally vaginally, intra- 
ocularly or by a combination of routes, and also by delayed release devices as known in the art. The skilled artisan will 
be able to fomnulate the vaccine composition according to the route chosen. 

[00791 An effective dosage of the polynucleotide molecule or expression vector of the present invention can be 
determined by conventional means, starting with a low dose of the polynucleotide molecule or expression vector, and 
then increasing the dosage while monitoring the effects. Numerous factors can be taken into consideration when deter- 
mining an optimal dose per cat. Primary among these is the size, age and general condrtion of the cat. the presence of 
other drugs in the cat. the virulence of a particular strain of FIV against which the cat is being vaccinated, and the like. 
The actual dosage is preferably chosen after consideration of the results from other animal studies. 
[0080] Vaccine regimens can be selected based on the above-described factors. The vaccine of the invention can 
be administered at any time during the life of a particular cat depending upon several factors including, e.g.. the timing 
of an outbreak of FIV among other cats. The vaccine can be administered to cats of weaning age or younger, or to more 
mature animals. Effective protection may require only a primary vaccination, or one or more booster vaccinations may 
also be needed. A dose that provides adequate protection can be detemiined empirically by challenging vaccinated and 
40 unvaccinated cats (control) with FIV and monrtoring and comparing disease progression, including any indicator thereof 
as known in the art. in the two groups of animals. The timing of vaccination and the number of boosters, if any wHI pref- 
erably be detemiined by a veterinarian based on analysis of all relevant factors, some of which are described above. 
[0081] The concentration of the polynucleotide molecule or expression vector of the present invention in the vac- 
cine preferably ranges from about 0.05 ng/ml to about 10 mg/ml, and more preferably from about 0.5 ng/ml to about 5.0 
45 mg/ml. A suitable dosage volume ranges from about 0.1 and 5 ml. which may be administered in a single dose, or in 

totm The present invention further provides a kit for vaccinating a cat against FIV, comprising a first container 
comprising an immunological^^ effective amount of any one or more of the aforementioned polynucleotide molecules or 
expression vectors of the present invention. In a non-limiting embodiment, the polynucleotide molecule or expression 
50 vector is stored in the first container in lyophilized fomi. The kit may optionally further comprise a second container com- 
prising a sterile diluent which can be used to dilute or rehydrate the polynucleotide molecule or expression vector in the 
first container. 
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5.2. Antibodies 

[0083] The present invention further provides an isolated antibody that binds specifically to an FIV protein. In a pre- 
ferred embodiment, the antibody is produced in a mammal in response to administration of a polynucleotide molecule 
or expression vector having a nucleotide sequence encoding the FIV protein or an epitope thereof, such as, e.g. , a poly- 
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nucleotide molecule or expression vector as present In the vaccine composition of the present invention. 
[0084] Antibodies can be raised in a host animal in response to administration of the vaccine composition of the 
present invention or against an expressed or purified FIV antigen, and isolated using known methods. Various host ani- 
mals, including cats, dogs, pigs, cows, horses, rabbits, goats, sheep, and mice, can be immunized with the vaccine 

5 composition of the present invention or with a partially or substantially purified FIV antigen. An adjuvant, such as those 
listed below in Section 5.3.4, can be selected and used to enhance antibody production. Polyclonal antibodies can be 
obtained from the serum of the immunized animal, tested for anti-FtV protein specificity, and isolated using standard 
techniques. Alternatively, monoclonal antibodies against the FIV protein can be prepared and isolated using any tech- 
nique that provides for the production of antibody molecules by continuous cell lines in culture. These include but are 

JO not limited to the hybridoma technique originally described by Kohler and Milstein (Nature, 1975, 256: 495-497); the 
human B-cell hybridoma technique (Kosbor etaL, 1983, Immunology Today 4:72; Cote etaL, 1983, Proc. Natl. Acad. 
Sci. USA 80: 2026-2030); and the EBV-hybrldoma technique (Cole et aL, 1985, Monoclonal Antibodies and Cancer 
Therapy. Alan R. Liss, Inc., pp. 77-96). Alternatively, techniques described for the production of single chain antibodies 
(see. e.fif., U.S. Patent No. 4,946,778) can be adapted to produce FIV antigen-specific single chain antibodies. These 

15 publications are incorporated herein by reference. 

[0085] Antibody fragments that contain specific binding sites for an FIV antigen are also encompassed within the 
present invention, and can be generated and isolated by known techniques. Such fragments include but are not limited 
to F(ab')2 fragments which can be generated by pepsin digestion of an intact antibody molecule, and Fab fragments 
which can be generated by reducing the disulfide bridges of the F(ab')2 fragments. Alternatively, Fab expression librar- 

20 ies can be constructed (Huse efa/., 1989, Science 246: 1275-1281) to allow rapid identification of Fab fragments having 
the desired specificity to the FIV antigen. 

[0086] Techniques for the production and isolation of monoclonal antibodies and antibody fragments are well- 
known in the art, and are additionally described, among other places, in Hariow and Lane, 1988, Antibodies: A Labora- 
tory Manual . Cold Spring Harbor Laboratory, and in J. W. Goding, 1986, Monoclonal Antibodies: Principles and Prac- 
25 Vice, Academic Press, London, which are incorporated herein by reference. 

5-3. FIV Protein-Based Vaccines 

[0087] The present invention further provides a vaccine composition against FIV, comprising an immunologically 

30 effective amount of a GAG protein, POL protein, ENV protein, regulatory protein, or a combination thereof, from an FIV 
strain. The FIV strain can be any strain of FIV, but is preferably strain FIV-141. The GAG protein Is selected from the 
group consisting of the GAG polyprotein and rts substituent proteins, i.e. , MA, CA and NC. The POL protein is selected 
from the group consisting of the POL polyprotein and its substituent proteins, /. e., PR, RT, DU and IN. The ENV protein 
is selected from the group consisting of the ENV polyprotein and its substituent proteins, i.e., SU and TM. The regula- 

35 tory protein is selected from the group consisting of Rev, Vif and 0RF2. 

[0088] In a more preferred embodiment, the vaccine composition of the present invention comprises a combination 
of FIV proteins. In a preferred embodiment, the proteins of the vaccine composition comprise at least two different FIV 
proteins selected from among the FIV structural and FIV n on -structural proteins. In a further preferred embodiment, the 
proteins of the vaccine composition comprise at least two different GAG proteins from FIV. In a further prefen-ed embod- 

40 iment, the proteins of the vaccine composition comprise at least one FIV structural protein and at least one FIV non- 
structural protein. In a further preferred embodiment, the proteins of the vaccine composition comprise at least three 
different FIV proteins selected from among the FIV structural and FIV non-structural proteins. In a further preferred 
embodiment, the proteins of the vaccine composition comprise at least four different FIV proteins selected from among 
the FIV structural and FIV non-structural proteins. In a further preferred embodiment, the proteins of the vaccine com- 

45 position comprise at least five different FIV proteins selected from among the FIV structural and FIV non-structural pro- 
teins. In a further preferred embodiment, the proteins of the vaccine composition comprise at least six different FIV 
proteins selected from among the FIV structural and FIV non-structural proteins. In a further preferred embodiment, the 
proteins of the vaccine composition comprise at least seven different FIV proteins selected from among the FIV struc- 
tural and FIV n on -structural proteins. 

50 [0089] In a particulariy preferred embodiment, the combination of FIV proteins is selected from the group consisting 
of GAG/MA/CA/NC; GAG/ENV; GAG/MA/CA/NC/ENV/SUATM; MA/CA/NC; GAG/MA/NC/DU/PR; and 
MA/CA/NC/SU/TM. 

[0090] The vaccine composition can alternatively comprise: (a) at least one polypeptide which is homologous to 
any of the aforementioned FIV proteins; (b) at least one peptide fragment of any of the aforementioned FIV proteins, or 
55 homologous polypeptides of (a); (c) at least one fusion protein comprising any of the aforementioned FIV proteins, 
homologous polypeptides of (a) or peptide fragments of (b) fused to a fusion partner; (d) at least one of an analog or 
derivative of any of the aforementioned FIV proteins, homologous polypeptides of (a), peptide fragments of (b), or 
fusion proteins of (c); or (e) a combination thereof. 



12 



EP 1 074 625 A2 



[0091 1 As used herein, the term -homologous" refers to a polypeptide other>«ise having the ammo ac,d sequence 
of an FIV protein or polypeptide, but in which one or more amino acid residues have been consenmtive^ substituted 
with a different amino acid residue as defined above in Section 5.1 .1 , where the resulting polypeptide 's usefu m prac- 
ticing the present invention as usefulness is defined therein. In a preferred embodiment, such a polypeptide has at least 
about 70%, more preferably at least about 80%, and most preferably at least about 90% sequence identity to a native 
FIV protein or polypeptide. 

[00921 AS used herein, a "peptide fragment" of an FIV protein refers to a polypeptide consisting of less than the 
complete amino acid sequence of the corresponding full-length FIV protein, but comprising a sub-sequence of at leas 
about 10 amino acid residues, more preferably at least about 20 amino acid residues, and most preferably at least about 
30 amino acid residues of the amino acid sequence thereof, and that is useful in practicing the present invention as 
defined above. In a preferred embodiment, a peptide fragment of an FIV protein comprises the ammo ac.d sequence of 
an epitope of the FIV protein against which antibodies can be raised. 

[00931 As used herein, a "fusion protein" comprises an FIV protein, homologous polypeptide or peptide fragment of 
he present invention joined to a carrier or fusion partner, which fusion protein is useful in practicing the Present mven- 

i tion as usefulness is defined above for polypeptides. See Section 5.3. 1 below for examples of fusion P^^^^js^ 

proteins are useful for a variety of reasons, including to increase the stability of recombinantly-expressed F'V polypep- 
tides, as distinct antigenk: components in an FIV vaccine, to enhance the induction of antisera against the P^rtcular FIV 
antigen partner, to study the biochemical properties of the FIV antigen partner, to serve as diagnostic reagents, or to 
aid in the identifcation or purification of the expressed FIV antigen partner as descried below. 
[00941 Fusion proteins of the present invention can be engineered using standard techniques to further contain 
specific protease cLvage sites so that the particular FIV antigen partner can be released from the earner or fusion 
partner by treatment wrth a specific protease. For example, a fusion protein of the present invention can further com- 
prise a thrombin or factor Xa cleavage site, among others. . ^ , , 
Sm5] The present invention further provides analogs and derivatives of an FIV protein, homologous polypep .de, 

5 peptii fragment or fusion protein, where such analogs and derivatives are useful in p^cticing the Present .nven ion^ 
as usefulness is defined above for polypeptides. Manipulations that resu« in the production o anal gs c^^e 
out either at the gene level or at the protein level, or both, to improve or otherwise atter the biological or mmunological 
Characteristics of the particular polypeptide from which the analog is prepared. For example, at the gene 
DNA molecule encoding an FIV protein can be modified by one or more known strategies to encode an analog of t at 

^ protein. Such modifications include, but are not limited to, endonuclease digestion and mutations that crea^^^^^^ 
translation, inrtiation or termination sequences, or that create variations in the coding region or ^^^-J^'^^J'"^^^^^ 
Such techniques are described, among other places, in Maniafis etal.. 1989, above; Ausubel etal., 1989, above. Sam- 
brook etal., 1989, above; Innis etal. (eds), 1995. above; and Erlich (ed). 1992. above. 

[00961 Alternatively or addrtionally. an analog of the present invention can be prepared by modrfication of an F^ 
35 protein or other polypeptide of the present invention at the protein level. Chemical modifications of the protein can be 
cLS out Sing known techniques including but not limrted to one or more of the following: substitution of one or more 
L-amino acids of the protein wrth corresponding D-amino acids, amino acid analogs, or ammo acd mimics, so as to pro- 
duce e g carbazates or tertiary centers; or specrfic chemical modtfication, such as proteo^rtic cleavage with, e.g., 
trypsin, ch'ymotrypsin, papain or V8 protease, or treatment wfth NaBH4 or cyanogen bromide, or acetylation, formyla- 

RvTrorerorler polypeptide of the present invention can be derivatized by conjugation thereto of one 
or more chemical groups, including but not limited to acetyl groups, sulfur bridging groups, glycosyl groups, lipids, and 
phosphates and/or a second FIV protein or other polypeptide of the present invention, or another protein, such as e.g. , 
serum albumin, keyhole limpet hemocyanin, or commercially activated BSA. or a polyamino acid (e.g., 
45 polysaccharide, (e.g., sepharose, agarose, or modeled or unmodrfied celluloses), among others. 5"*=^ co" "ga^i^^^^^ 
preferably by covalent linkage at amino acid side chains and/or at the N-terminus or C-term.nus of the FIV protein. 
I^ethods for carrying out such conjugation reactions are well known in the field of protein chemistry. 
[00981 Derivatives useful in practicing the claimed invention also include those in which a water-soluble polymer, 
such as, e.g., polyethylene glycol, is conjugated to an FIV protein or other polypeptide of the present '"vention or to an 
50 analog thereof therelly providing additional desirable properties while retaining, at least in part, or improving the immu- 
rgenicJy of the FIV protein. These additional desirable properties include, e.g., increased solubility in aqueous sec- 
tions, increased stability in storage, increased resistance to proteolytic degradation, and increased m v,vo haW-lrfe^ 
Water-soluble polymers^suttable for conjugation to an FIV protein or other po^peptide of the present invention nc de 
but are not limited to polyethylene glycol homopolymers. polypropylene glycol homopolymers, ^^^^''^^^fj^''^''^ 
55 glycol With propylene gtycol. wherein said homopolymers and copolymers zre unsubstitu e or su^rtu ed at one end 
with an alkyl group, polyoxyethylated polyols. polyvinyl ateohol, polysaccharides, potyvinyl ethyl ethers, and a,p-poly[2- 
hydroxyethyll-DL-aspartamide. Polyethylene glycol is particularly preferred. Methods for -^^^'"S^f ^^^''f '^^^^^^ 
conjugates of polypeptides are known in the art and are described in. among other places. U.S. Patent 3,788,948, U.S. 
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Patent 3,960,830; U.S. Patent 4,002,531; U.S. Patent 4,055.635; U.S. Patent 4,179,337; U.S. Patent 4,261,973; U.S. 
Patent 4,412,989; U.S. Patent 4.414.147; U.S. Patent 4,415,665; U.S. Patent 4,609,546; U.S. Patent 4,732,863; U.S. 
Patent 4,745,180; European Patent (EP) 152.847; EP 98,1 10; and Japanese Patent (JP) 5,792,435, which patents are 
incorporated herein by reference. 

5 

5.3.1. Recombinant Vectors 

[0099] Protein-based FIV vaccines of the present invention can be prepared by recombinant expression of a poly- 
nucleotide molecule having a nucleotide sequences encoding a particular FIV protein or polypeptide. To carry out such 

10 expression, the present invention provides recombinant cloning and expression vectors comprising the polynucleotide 
molecule. Expression vectors of the present invention are preferably constructed so that the polynucleotide molecule is 
in operative association with one or more regulatory elements necessary for transcription and translation. Such expres- 
sion vectors are useful In an expression system, such as a transformed host cell, to produce a recombinantty-expressed 
FIV protein. More preferably, expression vectors of the present invention are constructed so that the polynucleotide mol- 

15 ecule is in operative association with one or more regulatory elements necessary for transcription and translation in a 
bacterial cell, or in a mammalian host cell such as a feline cell. In addition to serving as a reagent for the production of 
an FIV protein in vitro, an expression vector capable of expression in a feline cell is also useful as a vaccinal agent in a 
DNA vaccine composition for administration to cats as described above. 

[0100] As used herein, the temn "regulatory element* includes but is not limited to nucleotide sequences that 
20 encode inducible and non-induclble promoters, enhancers, operators, and other elements known in the art that can 
serve to drive and/or regulate expression of the coding sequence of the polynucleotide molecule. As used herein, the 
polynucleotide molecule is in "operative association' with one or more regulatory elements where the regulatory ele- 
ments effectively regulate and provide for the transcription of the coding sequence of the polynucleotide molecule, or 
the translation of its mRNA, or both. 
25 [0101] A variety of expression vectors are known in the art that can be utilized to express the coding sequence of 
a polynucleotide molecule of the present invention, including recombinant bacteriophage DNA. plasmtd DNA and cos- 
mid DNA expression vectors containing the polynucleotide molecule, fortransfonnation of bacteria or yeast; and recom- 
binant virus expression vectors such as, e.g,, baculovirus containing the polynucleotide molecule for transfection of 
insect cells, or adenovirus or vaccinia virus containing the polynucleotide molecule for transfection of mammalian cells, 
30 among others. 

[0102] Typical prokaryotic expression vector plasmids that can be engineered to contain a polynucleotide molecule 
of the present invention include pUC8, pUC9, pBR322 and pBR329 (Biorad Laboratories, Richmond, CA), and pPL and 
pKK223 (Pharmacia, Piscataway, NJ), among many others. 

[0103] Typical eukaryotic expression vectors that can be engineered to contain a polynucleotide molecule accord- 
35 ing to the present invention include an ecdysone-inducible mammalian expression system (Invltrogen, Carlsbad, CA), 
cytomegalovirus promoter-enhancer-based systems (Promega, Madison, Wl; Stratagene, La Jolla, CA; Invitrogen), 
and baculovirus-based expression systems (Promega), among others. 

[0104] The regulatory elements of these and other vectors can vary in their strength and specificities. Depending 
on the host/vector system utilized, any of a number of suitable transcription and translation elements can be used. For 

40 instance, when cloning in mammalian cell systems, promoters isolated from the genome of mammalian cells, e.g., 
mouse metallothionein promoter, or from viruses that grow in these cells, e.g. , vaccinia virus 7.5K promoter or Moloney 
murine sarcoma virus long tenninal repeat, may be used. Promoters obtained by recombinant DNA or synthetic tech- 
niques may also be used to provide for transcription of the inserted sequence. In addition, expression from certain pro- 
moters can be elevated in the presence of particular inducers, e.g., zinc and cadmium ions for metallothionein 

45 promoters. 

[0105] Non-limiting examples of transcriptional regulatory regions or promoters include for bacteria, the p-gal pro- 
moter, the T7 promoter, the TAC promoter, X left and right promoters, trp and lac promoters, and trp-lac fusion promot- 
ers; for yeast, glycolytic enzyme promoters, such as ADH-I and -tl promoters, GPK promoter, PGI promoter, and TRP 
promoter; for mammalian cells, SV40 early and late promoters, and adenovirus major late promoters. 

50 [0106] Specific initiation signals are also required for sufficient translation of inserted FIV coding sequences. These 
signals typically include an ATG initiation codon and adjacent sequences. In cases where a polynucleotide molecule, 
including its own initiation codon and adjacent sequences, is inserted into an appropriate expression vector, no addi- 
tional translation control signals may be needed. However, in cases where only a portion of a coding sequence is 
inserted, exogenous transiational control signals, including an ATG initiation codon, and a translation stop codon such 

55 as TAA, TAG, or TGA, may be required. These exogenous transiational control signals and initiation codons can be 
obtained from a variety of sources, both natural and synthetk;. Furthennore, the initiation codon must be in phase with 
the reading frame of the coding region to ensure in-frame translation of the entire insert. 

[0107] The polynucleotide molecule of the expression vector may further comprise a nucleotide sequence whk;h 
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encodes an addrtional polypeptide fused to the FIV antigen. Such an additional polypeptide can be an *"^™°;"'«^ 
r ,urh as a cvtokine useful to enhance or otherwise modulate the immune response of a cat to which the 

°^res?ontror^^^^^^^^^^^ has been administered. The use of DNA vaccines w.h cytoKines including, 

rriner"euRins and ir^terferons. is presented in Lee eta,.. 1999, above; Okada era,., 1 ^^J^ ^ °v^ ^.n era/., 1997, 
- abo;eChowera/.,1997.above;Tsuiiera/.,1997.above;andKimetal.,1997,above,amongothers. 

' roiOSl Additional fusion protein expression vectors include vectors incorporating sequences that encode p^galac^ 
idase and trpE fusions, maftose-binding protein fusions, glutathione- S-transferase fusions and POiyhi^'<l'ne f ,ons 
carrS regVo s^ Such fusion proteins can be useful to aid in purifK:ation of the expressed protein. For example ^"^^ 
antiS Maltose-binding protein fusion can be purrfied using amylose resin; an FIV ant,gen-glutath,one-S-t^nsferase 

„ Sn p^e n can be purSied using glutathione-agarose beads; and an FIV antigen-polyhistidine fusion <^n be punfied 
usi a dTa lent ntekefres n Arternatively, antibodies against a carrier protein or peptide can be used for affmrty chroma- 
toZhv S^^^^^^ " he fusion protL. For example, a nucleotide sequence coding for the target eprtope of a mon^ 
oTnaantJ^rrnb^^ 

sSu^ed so tha{ the expre^ed epitope is fused to the FIV antigen. For example, a nucleotide sequence coding for the 
,3 fSS™ p pe tg Biotechnologies Inc.). wh.h is a hydrophilic marker P«P«<^«^-n 

s^dard techniques nto the expression vector at a point corresponding, e.g. , to the ammo or carboxyl temr, nus of the 
fTv SrThe etp ei d FIV antigen-FLAG™ eprtope fusion product can then be detected and -ff-^Y-P-^- 
clmSlv av^^^ anti-FLAG™ antibodies. In an attemative embodiment, the FIV protein or other PolVPeptide s 
TeZ "n epTopetg from human influenza hemagglutinin, such as a nine amino acid eprtope tag from human influ- 

e^e cleavaqe sites so that the expressed FIV antigen can be released from the earner region or fusion partner by 
tre'rJnt w'h ^s^^^^^^^^^ protease For example, the fusion protein vector can include DNA sequences encoding 

. ;ror TSXure^tirertrr in readmg frame w«h the FIV antigen coding region can be engl- 
nee into th^exiressL vector by known methods to direct the trafficking and secretion of the expressed protein. 
NonTmltTng examples of signal sequences include those from «-factor, immunoglobulins, outer membrane proteins. 

30 tion the expression vector can be engineered to further comprise a coding sequence for a reporter gene prod ct or 
ler lleXbTe marker. Such a coding sequence is preferab^ in operative association wrth the regulatory elerr^ent cod^ 
otnerseieciaDierr d Renorter aenes that are useful in the invention are well known in the art and 

hl«n nroTh hormone amono others Selectable markers, and their nucleotide sequences, are well-known m the art, 
Snrnclude oene oT^^^^^^^^ to antibiotics or anti-metabolrtes. or that supp^ an auxotrophic require- 

ment S^^^^^^^ those that encode thymidine kinase activity, or resistance to erythromycin, 

Z'2i'''"'°:eror:;iTeZ:w:'!n the art for constructing expression vectors containing particular ^ding 
iequencesVn operative association w«h appropriate regulatory elements, as well as nucleotKle sequences en^dmg 
seSb^e markers signal sequences, and fusion partners, and such methods may be used to practK:e the present 
ntS SucShSlude in viUc recombinant techniques, synthetfc techniques, and in wvo genetic recomb.na- 
1, L dild other places, in Maniatis era/.. 1989. above; Ausubel era/.. 1989. above; and Sambrook er 

a/., 1989, above. 
45 5.3.2. Transformat inn Of Host Ceils 

30 Srmed wrth re^mbinant bacteriophage DNA. plasmid DNA or cosmid exp^s^^^^^^^ 

formed with a recombinant expression vector; or animal cells, such as insect cells infected with a recombinant virus 
exp'essron v^^o^^^^^ baculovirus. or mammalian cells, such as feline cells, infected wrth a recombinant virus expres- 
qion vector eo adenovirus or vaccinia virus, among others. , M^f^^rr, 

omi BaSerial celte for use as host cells include a strain of E. coli such as, e.g., the DH5a stmin, available frorn 

55 S aTCC Im MD USA(Accession no. 31343), orfromStrBtagene(LaJolla,CA).Eukaryot«hos^^celteinciude 

yeasS a W mammalian cells, such as from a cat. mouse, hamster, cow. monkey, or human ceN '-e rn^ a^ 

Te uLd efiectely Specific examples of eukaryctic host cells that may be used to -P^^^^^^^^^^^^^^^^ 

the invention include Chinese hamster ovary (CHO) cells (e.g., ATCC Accession No. CCL-61), NIH Swiss mouse 
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embryo cells NIH/3T3 {e.g., ATCC Accession No. CRL-1658), Madin-Darby bovine kidney (MDBK) cells (ATCC Acces- 
sion No. CCL-22), and thymidine kinase-deficient cells, e.g., L-M (TK ) (ATCC Accession No. CCL-1.3) and tk -ts13 
(ATCC Accession No. CRL-1632). 

[01 1 5] The recombinant expression vector of the invention is preferably transfonmed or transfected into one or more 
host cells of a substantially homogeneous culture of cells. The expression vector is generally introduced into host cells 
in accordance with known techniques, such as, e.g., by calcium phosphate precipitation, calciunn chloride treatment, 
microinjection, electroporation, transfection by contact with a recombined virus, liposome-mediated transfection, DEAE- 
dextran transfection, transduction, conjugation, or microprojectile bombardment, among others. Selection of transfonn- 
ants may be conducted by standard procedures, such as by selecting for cells expressing a selectable marker, e.g., 
antibiotic resistance, associated with the recombinant expression vector. 

[0116] Once the expression vector is introduced into the host cefl, the integration and maintenance of the polynu- 
cleotide molecule of the present invention, either in the host cell genome or episomalty, can be confirmed by standard 
techniques, e.g., by Southern hybridization analysis, restriction enzyme analysis, PCR analysis including reverse tran- 
scriptase PCR (RT-PCR), or by immunological assay to detect the expected protein product. Host cells containing 
and/or expressing the polynucleotide molecule of the present invention may be identified by any of at least four general 
approaches, v^^hich are well-known in the art, including: (i) DNA-DNA, DNA-RNA, or RNA-antisense RNA hybridization; 
(ii) detecting the presence of "marker* gene functions; (iii) assessing the level of transcription as measured by the 
expression, e.g., of an FIV-specific mRNA transcript in the host cell; or (iv) detecting the presence of mature polypep- 
tide product, e.g., by immunoassay, as known in the art. 

5.3.3. Expression And Purification Ot Recombinant Polypeptides 

[0117] Once a polynucleotide molecule of interest has been stably introduced into an appropriate host cell, the 
transformed host cell can be clonally propagated, and the resulting cells grown under conditions conducive to the max- 
imum production of the encoded FIV antigen. Such conditions typically include growing transformed cells to high den- 
sity. Where the expression vector comprises an inducible promoter, appropriate induction conditions such as, e.g., 
temperature shift, exhaustion of nutrients, addition of gratuitous inducers (e.g., analogs of carbohydrates, such as iso- 
propyl-P-D-thiogalactopyranoside (IPTG)), accumulation of excess metabolic by-products, or the like, are employed as 
needed to induce expression. 

[0118] Where the expressed FIV antigen is retained inside the host cells, the cells are harvested and lysed, and the 
product purified from the lysate under extraction conditions known in the art to minimize protein degradation such as, 
e.g., at 4°C, or in the presence of protease inhibitors, or both. Where the expressed FIV antigen is secreted from the 
host cells, the exhausted nutrient medium may simply be collected and the protein isolated therefrom. 
[0119] The expressed FIV antigen can be purified from cell tysates or culture medium, as appropriate, using stand- 
ard methods, including but not limited to one or more of the following methods: ammonium sulfate precipitation, size 
fractionation, Ion exchange chromatography, HPLC, density centrifugation, and affinity chromatography. Where the 
expressed FIV antigen exhibits enzymatic activity, increasing purity of the preparation can be monitored at each step of 
the purification procedure by use of an appropriate enzyme assay as known in the art. If the expressed protein lacks 
biological activity, it may be detected as based, e.g., on size, or reactivity with an antibody otherwise specific for the FIV 
antigen, or by the presence of a fusion tag. 

5.3.4, Protein Vaccine Formuiation And Use 

[0120] The present invention provides a method of preparing a vaccine composition against FIV, comprising com- 
bining an immunologically effective amount of any of the aforementioned FIV-related proteins or polypeptides, or a com- 
bination thereof, with a veterinarily acceptable carrier in a form suitable for administration to a cat. Alternatively, any one 
or more of the aforementioned proteins or polypeptides can be combined with any one or more of the aforementioned 
polynucleotide molecules or expression vectors of the present invention, and a veterinarily acceptable carrier, to pre- 
pare a combined DN A/protein vaccine composition. 

[0121] As used herein to refer to proteins and polypeptides, the term "immunologically effective amount" refers to 
that amount of protein or polypeptide antigen capable of inducing, or enhancing the induction of, a protective response 
against FIV when administered to a cat after either a single administration, or after multiple administrations. The 
phrases 'capable of inducing a protective response" and "can enhance the induction of a protective immune response 
against FIV". as well as the terms "protective response" and "protect", and the like, as used herein are as defined above 
in Section 5.1.2. 

[0122] The vaccine composition of the present invention will typically be adapted for parenteral administration, e.g. , 
by intradenmal or intramuscular injection, although other routes (e.g., intravenous, intranasal, oral, etc.) can also be 
effective. Vaccine compositions of the present invention can be formulated following accepted convention using stand- 



16 



EP 1 074 625 A2 



ard buffers, carriers, stabilizers, diluents, preservatives, and solubilizers, and can also be formulated to facilitate sus- 
tained release. Diluents can include water, saline, dextrose, ethanol, glycerol, and the like. Additives for isotonicity can 
include sodium chloride, dextrose, mannitol, sorbitol, and lactose, among others. Stabilizers include albumin, among 
others. 

5 [01231 Adjuvants can optionally be employed in the vaccine. Non-limiting examples of adjuvants include the RtBI 
adjuvant system (Ribi Inc.), alum, aluminum hydroxide gel, oi!-in-water emulsions, water-in-oil emulsions such as, e.g., 
Freund's complete and incomplete adjuvants, Block co polymer (CytRx. Atlanta GA), SAF-M (Chiron, Emeryville CA), 
AMPHIGEN® adjuvant, saponin, Quil A, QS-21 (Cambridge Biotech Inc.. Cambridge MA), or other saponin fractions, 
SEAM-1 , monophosphoryl lipid A, Avridine lipid-amine adjuvant, heat-labile enterotoxin from E. coli (recombinant or 

10 otherwise), cholera toxin, or muramyt dipeptide, among many others. The vaccine can further comprise one or more 
other immunomodulatory agents such as, e.g., interleukins, interferons, or other cytokines, or a polynucleotide mole- 
cule having a nucleotide sequence encoding the same. 

[0124] Suitable veterinarily acceptable vaccine vehicles, can-iers, and additives are known, or will be apparent to 
those skilled in the art; see, e.g.. Remington's Pharmaceutical Science. 18th Ed., 1990, Mack Publishing, which is 
15 incorporated herein by reference. The vaccine can be stored in solution, or alternatively in tyophilized form to be recon- 
stituted with a sterile diluent solution prior to administration. 

[0125] The present invention further provides vaccine formulations for the sustained release of the antigen. Exam- 
ples of such sustained release fomiulations include the proteins or polypeptides of the present invention in combination 
with composites of biocompatible polymers, such as, e.g., poly(iactic acid), poly(lactic-co-glycolic acid), methylcellu- 
20 lose, hyaluronic acid, collagen and the like. The structure, selection and use of degradable polymers in drug delivery 
vehicles have been reviewed in several publications, including A. Domb ef a/., 1992, Polymers for Advanced Technolo- 
gies 3: 279-292, which is incorporated herein by reference. Additional guidance in selecting and using polymers in phar- 
maceutical formulations can be found in the text by M. Chasin and R. Langer (eds), 1 990, "Biodegradable Polymers as 
Drug Delivery Systems" in: Drugs and the Pharmaceutical Sciences . Vol. 45, M. Dekker, NY, which is also incorporated 
25 herein by reference. Liposomes and liposome derivatives (e.g., cochleates, vesicles) can also be used to provide for 
the sustained release of the antigen. In addition, methods for microencapsulating antigens are well-known in the art, 
and include techniques described, e.g., in U.S. Patent 3,137,631; U.S. Patent 3,959,457; U.S. Patent 4,205,060; U.S. 
Patent 4,606,940; U.S. Patent 4,744,933; U.S. Patent 5,132,117; and International Patent Pubiication WO 95/28227, all 
of which are incorporated herein by reference. 
30 [0126] In a non-limiting embodiment, the vaccine of the present invention can be a combination vaccine for protect- 
ing cats against FIV and, optionally, one or more other diseases or pathological conditions that can afflict felines, which 
combination vaccine comprises a first component comprising an immunologically effective amount of an antigen of the 
present invention selected from the group consisting of an FIV-related polynucleotide, protein or polypeptide as 
described above; a second component comprising an immunologically effective amount of an antigen that is different 
35 from the antigen in the first component, and which is capable of inducing or enhancing the induction of a protective 
response against a disease or pathological condition that can afflict cats; and a veterinarily acceptable carrier. 
[0127] The second component of the combination vaccine is selected based on its ability to either induce or 
enhance the induction of a protective response against either FIV or another pathogen, disease, or pathological condi- 
tion that afflicts cats, as known in the art, where the definition of the ability to induce or enhance the induction of a pro- 
40 tective response generally follows the definitions provided above as directed to FIV, or as applied in parallel fashion to 
the other pathogen, disease or pathological condition being treated, as appropriate. Any immunogenic composition now 
known or to be determined in the future to be useful in a vaccine composition for cats can be used as the second com- 
ponent of the combination vaccine. Such immunogenic compositions include but are not limited to those that induce or 
enhance the induction of a protective response against feline leukemia virus, feline herpes virus, feline calicivirus, or 
45 feline coronavirus, among others. 

[0128] The antigen of the second component can optionally be covalently linked to the antigen of the first compo- 
nent to produce a chimeric molecule. In a non-limiting embodiment, the antigen of the second component comprises a 
hapten, the immunogenicity of which is detectabty increased by conjugation to the antigen of the first component. Chi- 
meric molecules comprising covalently linked antigens of the first and second components of the combination vaccine 
50 can be synthesized using one or more techniques known in the art. For example, a chimeric molecule can be produced 
synthetically using a commercially available peptide synthesizer utilizing standard chemical synthetic processes (see, 
e.g., Merrifield, 1985, Science 232:341-347). Alternatively, the separate antigens can be separately synthesized and 
then linked together by the use of chemical linking groups, as known in the art. Alternatively, a chimerk: molecule can 
be produced using recombinant DNA technology whereby, e.g., separate polynucleotide molecules having sequences 
55 encoding the different antigens of the chimeric molecule are spliced together in-frame and expressed in a suitable 
transformed host cell for subsequent isolation of the chimeric fusion polypeptide. Where the vaccine of the invention is 
a DNA vaccine, the spliced polynucleotide molecule can itself be used in the vaccine composition, preferably in the form 
of an expression vector. Ample guidance for can7ing out such recombinant techniques is provided, among other 
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places, in Maniatis etal., 1989, above; Ausube! etaL, 1989. above; Sambrook etaL, 1989, above; Innis etal., 1995, 
above; and Eriich, 1992, above. 

[0129] The present invention further provides a nnethod of preparing a vaccine for protecting cats against FIV, com- 
prising combining an immunologically effective amount of one or more antigens of the present invention selected from 

5 the group consisting of an FIV protein, homologous polypeptide, peptide fragnnent, fusion protein, analog and deriva- 
tive, with a veterinarity acceptable carrier or diluent, in a form suitable for administration to cats. 
[0130] The present invention further provides a method of vaccinating cats against FIV, comprising administering a 
vaccine composition comprising an immunologicalty effective amount of one or nnore antigens of the present invention 
selected from the group consisting of an FIV protein, homologous polypeptide, peptide fragment, fusion protein, analog 

70 and derivative of the present invention to a cat. The amount of FIV-related antigen administered will preferably range 
from about 0.1 ^ig to about 10 mg of polypeptide, more preferably from about 1 0 ^ig to about 1 mg, and most preferably 
from about 25 jig to about 0.1 mg. In addition, the typical dose volume of the vaccine will range from about 0.5 ml to 
about 5 ml per dose per animal. 

[0131] Vaccine regimens can be detemnined as described above. The vaccine can be administered in a single dose 
15 or in divided doses by any appropriate route such as, e.g., by oral, intranasal, intramuscular, intra-lymph node, intrader- 
mal, intraperitoneal, subcutaneous, rectal or vaginal administration, or by a combination of routes. The skilled artisan 
will readily be able to fonmulate the vaccine composition according to the route chosen. The timing of vaccination and 
the number of boosters, if any will preferably be determined by a veterinarian based on analysis of all relevant factors, 
some of which are described above. 

20 

5.4. Oligonucleotide Motecules 

[0132] The nucleotide sequences of the polynucleotide molecules disclosed herein provide the information neces- 
sary to construct oligonucleotide molecules that can be used as amplif cation primers and as probes in differential dis- 

25 ease diagnosis, and these can readily be designed by the skilled artisan in light of this disclosure. Such oligonucleotide 
molecules are preferably at least about 15 nucleotides In length. Amplrftcation of specific FIV genes and nucleotide 
sequences can be canned out using such suitably designed oligonucleotides by applying standard techniques such as, 
e.g., the polymerase chain reaction (PCR) which is described, among other places, in Innis et ai. (eds), 1995, above; 
and Eriich (ed), 1992, above. In a preferred embodiment, such oligonucleotide molecules comprise nucleotide 

30 sequences selected from the group consisting of SEQ ID NOS: 2 to 49, or the complements of said sequences. 

[0133] Regarding diagnostics, oligonucleotide molecules of the present invention can be used in a standard ampli- 
fication procedure to detect the presence of an FIV polynucleotide molecule in a sample of feline tissue or fluid, such 
as brain tissue, lung tissue, placental tissue, blood, cerebrospinal fluid, mucous, urine, amniotic fluid, etc. The produc- 
tion of a specific amplification product can be used to support a diagnosis of FIV infection, while lack of an amplified 

35 product may point to a lack of infection, 

[0134] Generally for PCR amplification, a mixture comprising suitably designed primers, a template comprising the 
nucleotide sequence to be amplified, and appropriate PCR enzymes and buffers, is prepared and processed according 
to standard protocols to amplify a specific FIV polynucleotide molecule of the template or a portion thereof. Other ampli- 
fication techniques known in the art, e.g., the ligase chain reaction, may alternatively be used. 

40 [0135] The following examples are illustrative only, and are not intended to limit the scope of the present invention. 

6. EXAMPLE: CLONING OF THE FIV PROVIRAL GENOME AND INDIVIDUAL GENES INTO EUKARYOTIC 
EXPRESSION VECTORS 

45 6.1 . Viral and Proviral DNA isolation 

[0136] Peripheral blood was obtained from a 5 yr old male cat prior to euthanasia at the Capital Humane Society, 
Lincoln, NE. The plasma sample tested FIV positive and FeLV negative (FiV antibody and FeLV antigen kits, IDEXX, 
Westbrook, Maine, USA), and the strain of FIV was designated as FIV-141 . The source FIV plasma sample was sterile- 

50 filtered (0.22 ^iM) and inoculated intravenously into an 8 wk old SPF cat (identification No. 96QGW2), which was then 
observed for 12 weeks. Peripheral blood samples were taken weekly. Tissue samples taken at necropsy were used to 
confirm FtV infection, and to re-isolate and characterize the molecular and biological features of the new FIV isolate. 
Feline genomic DNA was isolated from the spleen of the FIV- inoculated SPF cat using a genomic DNA extraction kit 
(Stratagene, La Jolla, CA), and purified genomic DNA was dissolved in TE buffer at a concentration of 1 \ig/\i\ and 

55 stored at -70''C. 
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fi ? Initial PGR Am plification and Clon in g of Three Segments of the FIV-141 Genome 

[0137] Three sets of oligonucleotides were designed based upon the published sequences of other FIV isolates 
(Talbott etal.. 1989, Proc. Natl. Acad. Sci. USA, 86:5743-5747; Miyazawa ef a/., 1991. J. Virol. 65:1572-1577; Talbott 
5 et a/ 1990 J Virol 64:4605-4613). These oligonucleotides were used to amplify three segments of the FIV-141 
genome the first segment at the 5' end, the second segment at the 3' end, and the third segment in the middle of the 
genome. Because of a low copy number of the FIV proviral genome in infected tissue, two rounds of PGR amplification 
were perfonmed using a semi-nested set of primers for each segment. 

[0138] Three primers, designated as Pr-1 (SEQ ID NO:2). Pr-2 (SEQ ID N0:3) and Pr-8 (SEQ ID N0:8), were used 
to to amplify the 5' segment of the FIV-1 41 proviral genome comprising nucleotides 1 1 7 to 646 of SEQ ID NO:1 . This seg- 
ment spans the majority of the 5" LTR. the intervening sequence between the 5' LTR and the GAG open reading frame, 
and the N-terminal portion of the GAG gene. Primer sequences are presented in TABLE 1 below. The first round PGR 
amplification was performed using 200 ng each of Pr-1 (SEQ ID N0:2) and Pr-8 (SEQ ID N0:8) as primers, and 1 ng 
of feline genomic DNA as template, with a mixture of 0.5 U Taq DNA polymerase (Gibco BRL, Gaithersburg. MD) and 
75 1 U Pfty DNA polymerase (Stratagene. La Jolla, CA). PGR amplification conditions were: 94=C, Imin; followed by 30 
cycles of denaturing at 94°C for 45 sec, annealing at SZ'C for 45 sec, and extension at 72°G for 2 mm. The second 
round PGR amplification was performed using primers Pr-1 (SEQ ID NO:2) and Pr-2 (SEQ ID NO:3) (TABLE 1) and 2 
Hi of the first round PGR products as template. The same conditions as the first round amplification were used except 
that the annealing temperature was 55°C. 
20 [0139] Three primers, Pr-5 (SEQ ID NO:5), Pr-6 (SEQ ID NO:6) and Pr-7 (SEQ ID NO:7) (TABLE 1), were used to 
perform two rounds of PGR amplifications and clone the 3' segment of the FIV-141 proviral genome. The 3' segment 
spans nucleotides 8874 to 9367 of SEQ ID NO:1, consisting of the inter^^ening sequence between the 3" LTR and the 
ENV gene and most of the 3' LTR. Pr-5 (SEQ ID N0:5) and Pr-6 (SEQ ID N0:6) were used in the first round, while Pr- 
6 (SEQ ID N0:6) and Pr-7 (SEQ ID NO:7) were used for the second round PGR amplification. The same conditions 
25 were applied to the reaction and amplification in the first and second rounds as described above. 

[01401 Three primers. Pr-3 (SEQ ID N0:4). Pr-9 (SEQ ID N0:9) and Pr-10 (SEQ ID NO:10) (TABLE 1), were 
designed to amplify the segment from nucleotides 5147 to 5631 of SEQ ID NO:1 . spanning the C-temiinal portion of 
the IN gene and the N-tenninal portion of the Vif gene. The first round amplification was perfonned using Pr-3 (SEQ ID 
NO-4) and Pr-10 (SEQ ID NO:10), followed by the second round amplification using Pr-9 (SEQ ID NO:9) and Pr-10 
30 (SEQ ID N0:1 0). The same conditions were applied to the reaction and amplification in the first and second rounds as 

described above. , ... 

[0141] PGR products from each of the three second round amplifications were applied to a 1 % agarose gel and the 
expected size bands for all three regions were purified (Wizard PGR Preps kit; Promega, Madison, Wl). The purified 
PGR fragments were cloned into pCR-Script Amp SK(+) vector (Stratagene. La Jolla, CA) according to manufacturer's 
35 instructions, and their presence was confirmed by restriction enzyme digestion. The FIV specific sequence of each 
clone was detennined by sequencing the two strands of the plasmid DNA (Advanced Genetic Analysis Center, St. Paul, 
MM) The consensus sequence from three independent clones was used to define the authentic FIV-141 sequence. 



40 
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TABLE 1 

Primers used for cloning the FIV-141 proviral 
genome from infected cat spleen genomic ONA 



Primer 
(SEQ ID NO:) 


Direction 


Sequence 


Pr-1 (2) 


forward 


1 1 7-CCGCAAAACCACATCCTATGTAAAGCTTGC-146 


Pr-2 (3) 


reverse 


646-CGCCCCTGTCCATTCCCCATGTTGCTGTAG-617 


Pr.3 (4) 


forward 


4738-ACAAACAGATAATGGACCAAATTTTAAAAA^767 


Pr-5 (5) 


forward 


8793-GCAATGTGGCATGTCTGAAAAAGAGGAGGA^822 


Pr-6 (6) 


reverse 


9367-TCTGTGGGAGCCTCAAGGGAGAACTC-9342 


Pr.7 (7) 


forward 


8874.TCTTCCCTTTGAGGAAGATATGTCATATGAATCC-8907 


Pr-8 (8) 


reverse 


1 047-TTACTGTTTGAATAGGATATGCCTGTGGAG-1 01 8 


Pr-9 (9) 


forward 


51 47-TTAAAGGATG AAGAGAAGGG ATATTTTCTT-51 76 


Pr-10 (10) 


reverse 


5631-TTTCAATATCATCCCACATAAATCCTGT-5604 


Pr-11 (11) 


forward 


1 -TGGGAAGATTATTGGGATCCTGAAGAAATA-30 


Pr-12 (12) 


reverse 


5460-CATATCCTATATAATAATCACGGGTATGAAAG- 
CTCCACCT-5421 


Pr-13 (13) 


forward 


5421-AGGTGGAGCTTTCATACGCGTGATTATTATAT- 
AGGATATG-5460 


Pr-14 (14) 


reverse 


9464-TGCGAGGTCCCTGGCCCGGACTCC'9441 


Pr-16 (15) 


reverse 


9444-CTCCAGGGATTCGCAGGTAAGAGAAATTA-9416 



35 



[0142] Combination of the sequences from the 5' and 3' end segnnents revealed that the LTR of FIV-141 consists of 
354 bases, including 208 bases in the U3 region (from nt 1 to 208), 79 bases in the R region (fronn nt 209-287), and 67 
bases in the U5 region (from nt 288 to 354). The terminal 2-base inverted repeat, the TATA box, the polyadenylation sig- 
40 nal, and a number of putative cis-acting enhancer-promoter elennents were perfectly conserved when compared with 
other FIV isolates (Talbott etaL, 1989, Proc. Natl. Acad. Sci. 86:5743-5747; Miyazawa etaL, 1991, J. Virol. 65:1572- 
1577; Talbott etal., 1990, J. Virol. 64:4605-4613). 

6.3. PGR Amplification and Cloning of the Entire Proviral Genome of FIV-141 

45 

[0143] The sequence information obtained from the three segnnents described above was used to design FIV-141 - 
specific primers to amplify and clone the entire proviral genome in two pieces, the 5' half and 3' half. Each half was 
amplified in two rounds of PGR amplification with a semi-nested set of primers. The 5' half of the genome (nts 1 to 5460 
of SEQ ID N0:1) was amplified as follows. For the first round PGR amplification, primers Pr-11 (SEQ ID N0:1 1) and Pr- 

50 10 (SEQ ID NO: 10) were used (TABLE 1). Briefly, the PGR reaction was set up in a total volume of 50 ^1, containing 1 
III of feline genomic DNA template (1 1^l of each primer (100 ng/|Al), 5 ^il of 10X Advantage Tth PGR reaction 

buffer (Advantage Genomic PGR Kit; Clontech, Palo Alto, CA), 2.2 ^il of 25 mM Mg(0ac)2, 1 ^il of 50X dNTP mix (10 
mM each), 1 ^il of 50X Advantage Tth Polymerase mix, 1 nl of Pfu polymerase (2.5 U/|il), and 36.8 \l\ of sterile water 
The reaction mix was heated at 94°C for 2 min, followed by 30 cycles of amplification; 94°C for 30 sec and 68°C for 6 

55 min. The second round PGR amplification was earned out using 2 ^il of the first round PGR product as template and 
primers Pr-1 1 (SEQ ID NO:1 1 ) and Pr-12 (SEQ ID N0:12) (TABLE 1 ), To facilitate the later construction of a full-length 
FIV-141 clone, an Mlu I restriction site was incorporated into primer Pr-12 (SEQ ID f^0:12) by a silent mutation. The Mlu 
I site is underiined in the Pr-12 (SEQ ID N0:12) primer sequence (TABLE 1). The same PGR conditions were used in 
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the second round. After two PGR amplification rounds, a 5460 bp fragment was obtained. 

[0144] To clone the 3' half of the proviral genome of FIV-141, three primers. Pr-9 (SEQ ID N0:9), Pr-13 (SEQ ID 
NO:13) and Pr-14 (SEQ ID N0:14), were initialty used (TABLE 1). The first round PGR ampirfication was carried out 
using Pr-9 (SEQ ID NO:9) and Pr-14 (SEQ ID N0:14). Pr-14 (SEQ ID NO: 14) is a primer composed of the last 24 bases 
at the 3' end of the FIV-141 proviral genome. The second round amplification was perfomned using primers Pr-13 (SEQ 
ID N0:13) and Pr-14 (SEQ ID N0:14). Pr-13 (SEQ ID N0:13) was overlapped with Pr-12 (SEQ ID NO:12). As with Pr- 
12 (SEQ ID NO:1 2). an Mlu ! restriction site was incorporated into Pr-13 (SEQ ID N0:13) to facilitate the later construc- 
tion of the full-length FIV clone. Unfortunately, after two rounds of PGR, no specific DNA band was amplified. Failure to 
amplify the 3' half genome may have been due to a high GC content and very stable secondary structure in primer Pr- 
14 (SEQ ID NO: 14). Therefore, a new primer, Pr-16 (SEQ ID NO: 15), was designed with a sequence ending 20 bases 
upstream of the last base in the genome. First round PGR amplification was performed using primers Pr-9 (SEQ ID 
N0:9) and Pr-16 (SEQ ID NO:15), followed by a second round amplification using primers Pr-13 (SEQ ID N0:13) and 
Pr-1 6 (SEQ ID N0:1 5). A DNA fragment of the expected size was obtained after the second round amplification. 
[0145] The DNA fragments of the 5' half and 3' half of the FiV-141 genome were purified (Wizard PGR Preps DNA 
purification kit; Promega, Madison. Wl) and cloned into pGR-Script Amp SK(+) cloning vector (Stratagene, La Jolla, 
GA). Clones from three independent PGR reactions were sequenced for each of the 5' half and 3' half clones. The 
sequences were obtained by sequencing both strands of the plasmid DNA (Advanced Genetic Analysis Genter, St. 
Paul, MN). The authentic consensus sequence for the entire genome of FIV-141 was obtained by combining the 
sequences of the three independent clones, and is presented herein as SEQ ID N0:1 . The DNAStar program (DNAStar 
Inc.. Madison, Wl) was used to perform sequence assembly, comparison and analysis. 

fi d Clonin g of Individual FIV-141 Genes Into pCM V -MCS and pCMV-HA Eukarvotic ExprgSgjop V?PtorS 

[0146] The pGMV-MGS expression vector (FIGURE 2) was constructed from the pGMVp reporter vector (Glontech. 
Palo Alto, GA) in the following steps. The p-galactosidase gene was removed from the reporter vector using the Not 1 
restriction sites. A synthetic DNA fragment containing multiple cloning sites (MGS) including a Not 1 site at both ends, 
and EcoR V. Avr II, Bgl II, Gla I, Kpn I, Nru I, Pac I, Nhe I, Swa I. Apa 1, Sma I, and Spe 1 sites, was inserted into the 
backbone pCMVp vector to generate the expression vector pCMV-MCS. To construct the pCMV-HA expression vector 
(FIGURE 3), a synthetic DNA fragment consisting of a sequence encoding a nine amino acid epitope tag from human 
influenza hemagglutinin (HA) protein and a translation stop codon immediately following the HA tag was inserted into 
the pCMV-MGS vector at the Apa I and Spe I sites. 

[0147] Four FIV genes, including ENV. SU, GAG. and POL, were separately cloned into the pGMV-MGS vector in a 
similar fashion. Briefly, two primers were designed to amplify the particular gene using either the 5' half or 3' half FIV- 
141 clones as template (TABLE 2). A Gla I and a Spe I restriction enzyme site were incorporated into the fonward and 
reverse primers, respectively, to facilitate cloning into the vector The PGR reaction was set up in a volume of 100 ^1, 
consisting of 1 0X reaction buffer (1 0 nl). 50 mM MgGIg (3 nt), 1 0 mM dNTP (2 uO, each primer (1 ^1. 1 00 ng/^l), template 
(1 ^l, 1 ^g/^lI), Taq DNA polymerase (0.5 ^il, 5 U/^l). and sterile HgO (81 .5 ^il). PGR amplifications were perfomned as 
follows: 94°G'for 3 min; followed by 30 cycles of 94°G for 30 sec, 56^G to 62°G for 1 min, and 72°G for 2min. The PGR 
fragment was purified using a Wizard PGR prep DNA purification kit (Promega. Madison, Wl), digested with Gla I and 
Spe I. and then inserted into the pGMV-MCS expression vector that had been digested with these same two restriction 
enzymes. The entire open reading frame of each gene was verified by sequencing. 

[0148] For cloning the ENV gene, forward and reverse primers were used, as shown in TABLE 2 below. The Gla I 
site in the fonward primer and the Spe I site in the reverse primer are underlined. 

[0149] For cloning the SU gene, fonward and reverse primers were used, as shown in TABLE 2. The two restriction 
enzyme sites are underiined. A stop codon (TGA) was incorporated in the reverse primer at nts 23-25. 
[0150] For cloning the GAG gene, forward and reverse primers were used, as shown in TABLE 2, The Gla I site in 
the forward primer and the Spe I site in the reverse primer are underlined. 
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TABLE 2 



Primer sequences used to clone FfV genes into eukaf7otjc expression vectors.* 



Expression 
Vector 


Gene 


Forward Primer 
(SEQ ID NO.) 


Reverse Primer 
(SEQ ID NO.) 


pCMV-MCS 


ENV 


S'-TTTCATCTGCATCGA 
TAAACATGGCGGAGGG 
AGG-3'(16) 


5'-CCTGTATTCTACTAGT 

CTGAAATGCTCCATCAT-3' 

(17) 


pCMV-MCS 


SU 


5'-TTTCATCTGCATCGAT 

AAACATGGCGGAGGGA 

GG-3'(18) 


5*-GGGCTAACATAATATGA 
CTAGTTCACC 1 Mil IGTT 
TACCTTTATACCT-3* (19) 


pCMV-MCS 


GAG 


5-GGTAGGATCGATTC 
TACAGCAACATGGGGA 
ATGG-3* (20) 


5-GTCTTCACTAGTAAGTT 
GTGGTAGTACCCATTGTA 
TTATAGT-3^ (21) 


pCMV-MCS 


POLI 


5'-GGTAAAAATCGATCA 
TGAAACGGGGCGATGG 
GGCGAGC'3* (22) 


5'-ACTGCAACTAGTCTTCT 
ACTTACCTGCCAATCTTC 
G-3' (23) 


pCMV-MCS 


POLII 


5'-TGTTAGATCGATAAT 
GTATAATAAAGTGGGTA 
CCACC-3' (24) 


5'-ACTGCAACTAGTCTTC 
TACTTACCTGCCAATCTTC 
G-3* (25) 


pCMV-HA 


MA 


5'-GGTAGGATCGATTCT 
ACAGCAACATGGGGAAT 
GG-3' (26) 


5'-CTGTTTGGGGCCCAT 
AAGCCTGTGGAGGTCCT 
TCTTC-3' (27) 


pCMV-HA 


CA 


5-GGACCTATCGATACC 
ATGCCTATTCAAACAGT 
AAATGGAGCACC-3' (28) 


5*-TGCTTGGGGCCCTTGC 
ACCCTAGTAAGAGCCTCT 
GC-3' (29) 


pCMV-HA 


NC 


5-GGCTCTTATCGATAC 


S'-TATTATGGGCCCCATA 
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pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



pCMV-HA 



Vif 



ORF-2 



TM 



Rev 



PR 



RT 



DU 



IN 



CATGACAGTTCAAGCAA 
AAGGACCAAG-3' (30) 



5'-CCCTGCACTCTTCAT 
CGATACCATGAGTGACG 



AAGATTGGCAGG-3' (32) 



5'-TTGTGGACGGGAATC " 
GATACCATGGAAGAAAT 
AATCCCACTG-3' (34) 



5'-GTATAAAGGT ATCGA 
TACCATGGCCGCTATTC 
ATATTATGTTAGCC-3* 
(36) 



TCTAACAATTTCTCCTCTA 
CCG-T (31) 



5'-GGGATTATTTCTTCGG 
GCCCTAATTCTCCTGTCG 
ACAATAAATTCCT.3' (33) 



5'-ATATTAAAAGAAATAGG 
GCCCGGCAGTATTTATGG 
ATAATGT-3' (35) 



5'-TGAAATGCTGGGCCCT 
TCCTCCTCTTTTTCAGATA 
TGCCACA-3' (37) 



S'.TTTCATCTGC ATCG 
ATAAACATGGCGGAGG 
GAGG-3' (38) 



5'-TGTTAG ATCGAT AATG 
TATAATAAAGTGGGTAC 
CACC-3' (40) 



5'-AACATA ATCGATA CCA 
TGGTCCAGATTTCAGAG 
AAAATTCCAATAG-3' (42) 



5*-CTTTGTATCGATACCA 
TGGTTATAGAAGGTGAA 
GGAATATTAG-3' (44) 



S'-GGGTCA ATCGATA CA 
ATGTCTTCATGGGTGGA 
CAGAATTGAA-3* (46) 



5*-TGTACG GGGCCC GTCC 
AnAGCATTTTTTCTATTT 
C-3' (39) 



S'-CTCTGAAAC GGGCCC C 
ATTACCAACCTTATGTTGA 
ACTTAATC-3' (41) 



S^TTCTAG GGGCCC CATC 
GTTTGACAAAGTTCATCTA 
CCTC-3* (43) 



5'-CACCCA GGGCCC AAAG 
ACTCCAGTTGACCCAAAT 
CCC-3' (45) 



5'-CAATCT GGGGCCC TCA 
TCACCTTCAGGAAGAGTG 
CAGG-3' (47) 



• Cla I and Spe I (or Apa I) restriction sites are underlined in forward and 
reverse primers, respectively. 

For cloning the POL gene into the vector, two expression constructs (POL I and POL II) were made. The N-temiinus of 
the POL I construct begins w'lth the first residue of the shifted POL open reading frame, while the N-termtnus of the POL 
II construct begins at the first residue of the protease (PR) protein. An inrtiation (ATG) codon Wrth Kozak context was 
introduced immediately upstream of the POL gene for both POL I and POL II constructs. For cloning POL t, forward and 
reverse primers were used as shown in TABLE 2. The two restriction sites are underlined, and the introduced ATG ini- 
tiation codon in the forward primer is at primer nts 15-1 7. For cloning POL II, fonvard and reverse primers were used as 
shown in TABLE 2. The two restriction sites are underlined, and the introduced ATG initiation codon in the fonward 
primer is at primer nts 14-16. 

r0151l Eleven FIV-141 genes, including matrix (MA), capsid (CA). nucleocapsid (NC). protease (PR), reverse tran- 
scriptase (RT). deoxyuridine triphosphatase (DU). integrase (IN), transmembrane fTM). Vif. 0RF2 and Rev, were each 
separately cloned into the expression vector, pCMV-HA All the clones, except for Rev. were made in a similar fashion. 
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Each individual gene was amplified using either the 5' half or 3' half clone of FIV-1 41 as tennplate, and a set of phnners 
as shown in TABLE 2, with the sanne amplification conditions as above. Cla I and Apa I restriction sites were incorpo- 
rated into fonward and reverse primers, respectively. After being digested with Cla I and Apa I, each gene fragment was 
cloned into ttie pCMV-HA expression vector that had been digested with these same two restriction enzymes. To clone 
the Rev gene, total mRNA extracted from FIV-1 41 -infected peripheral blood mononuclear cells (PBMCs) was reverse 
transcribed into cDNA, followed by PGR amplification. For each clone, the entire open reading frame of each gene was 
verified by sequencing. 

[0152] For cloning MA. forward and reverse primers were used as shown in TABLE 2. The introduced Cla I and Apa 
I sites are underlined in the forward and reverse primer, respectively. 

[0153] For cloning CA, forward and reverse primers were used as shown in TABLE 2. An initiation codon (ATG) was 
incorporated into the forward primer immediately upstream of the coding region of the CA gene, as shown in TABLE 2 
at primer nts 16-18. The introduced Cla I and Apa I sites in the forward and reverse primers, respectively, are under- 
lined. 

[0154] For cloning NC, forward and reverse primers were used as shown in TABLE 2. An initiation codon (ATG) was 
incorporated into the forward primer immediately upstream of the coding region of the NC gene, as shown in TABLE 2 
at primer nts 17-19. The introduced Cla 1 and Apa I sites in the fonward and reverse primers, respectively, are under- 
lined. 

[0155] For cloning Vif, fonward and reverse primers were used as shown in TABLE 2. The introduced Cla i and Apa 

1 sites in the forward and reverse primers, respectively, are underiined. 

[0156] For cloning 0RF2, forward and reverse primers were used as shown in TABLE 2. The introduced Cla I and 
Apa I sites in the forward and reverse primers, respectively, are underiined. 

[0157] For cloning Rev, forward and reverse primers were used as shown in TABLE 2. The ATG initiation codon in 
the primer at nts 21-23 is the authentic ATG codon from Rev. The introduced Cla I and Apa I sites in the forward and 
reverse primer, respectively, are underiined. 

[0158] For cloning TM, fonward and reverse primers were used as shown in TABLE 2. An initiation codon (ATG) was 
incorporated in the forward primer immediately upstream of the coding region of the TM gene, as shown in TABLE 2 at 
primer nts 20-22. The introduced Cla I and Apa I sites in the forward and reverse primer, respectively, are underlined. 
[0159] For cloning PR, forward and reverse primers were used as shown In TABLE 2. An initiation codon (ATG) was 
incorporated in the forward primer immediately upstream of the coding region of the PR gene, as shown in TABLE 2 at 
primer nts 14-16. The introduced Cla I and Apa I sites in the forward and reverse primers, respectively, are underlined. 
[0160] For cloning RT, forward and reverse primers were used as shown in TABLE 2. An initiation codon (ATG) was 
incorporated in the forward primer immediately upstream of the coding region of the RT gene, as shown in TABLE 2 at 
primer nts 16-18. The introduced Cla 1 and Apa I sites in the forward and reverse primers, respectively, are underiined. 
[0161] For cloning DU, forward and reverse primers were used as shown in TABLE 2. An initiation codon (ATG) was 
incorporated in the fonward primer immediately upstream of the coding region of the DU gene, as shown in TABLE 2 at 
primer nts 16-18. The introduced Cla I and Apa I sites in the forward and reverse primers, respectively, are underiined. 
[0162] For cloning IN, fonward and reverse primers were used as shown in TABLE 2. An initiation codon (ATG) was 
incorporated in the forward primer immediately upstream of the coding region of the IN gene, as shown in TABLE 2 at 
primer nts 16-18. The introduced Cla I and Apa I sites in the forward and reverse primers, respectively, are underlined. 

7. EXAMPLE: IN ViTRO EXPRESSION OF FIV GENES 

7.1. Transfection of FIV Gene Constructs 

[0163] Plasmid DNAS from each of the FIV gene constructs prepared as described above were separately trans- 
fected (2 ng/well) into Grandell feline kidney (CRFK) cells that were 40-60% confluent in a 6-well plate, using Trans IT 
Polyamine Transfection Reagents (Mirus, Madison, Wl) according to the manufacturer's protocol. Briefly, Trans IT Lt-1 
(PANVERA) (10 ^l) was mixed with RPMl 1640 medium (1 ml) and incubated at room temperature for 15 min. Plasmid 
DNA (2 |ig) was added to the RPMl/Lt-1 solution, and incubated at room temperature for another 15 min. Old culture 
medium was removed from the cell monolayer, and the cells were washed once with serum-free RPMl. The cells were 
then incubated in the DNA cocktail in a CO2 incubator (5% COg) at 37°C for 4 hr. The DNA cocktail was removed, and 

2 ml of fresh RPMl 1640 medium with 3% fetal caff serum (FCS) was added to each well. Transfected cells were ana- 
lyzed 48 hr later for protein expression by Westem blot, RT-PCR, and functional RT activity assays. 

7.2. FiV-141 Gene Expression Detected by Western Blot Analysis. 

[0164] Transfected CRFK celts prepared as described above were harvested at 48 hr and tysed with 2X SDS-PAGE 
loading buffer. Cell lysates were loaded and run on a 4-20% gradient SDS-PAGE gel, followed by protein transfer onto 
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polyvinylidene drfluoride (PVDF) membranes (0.22 nM, BIO-RAD, Hercules, CA). The primary antibody. anti-HA MAb 
specific to the HA tag (Boehringer Mannheim, Indianapolis, IN), or serum from FIV infected cats, was app^d to the 
appropriate blot and incubated tor 3 hr. After washing, antibody binding to specific proteins was detected wrth an alka- 
line phosphate-conjugated secondary antibody, as recommended by the manufacturer (Boehringer Mannheim. Indian- 
apolis, IN). 

[01651 A specrtic protein band of the appropriate size was detected by Western blot for eleven expression c ones, 
including the GAG polyprotein, MA, CA NC, PR, DU, IN, Vrt. Rev, 0RF2 and TM. indicating that transfected cells car- 
rying these constructs expressed the con-esponding FIV gene products. 

7 a FlV.iai Gene Expr esgion Detected bv RT-PCR 

[01661 Seven expression constructs, including PR, DU. ENV, SU, Vrf, POL I and POL II, were assayed by RT-PCR. 
Total RNA was harvested from transfected CRFK cells at 48 hr by lysing wrth a tissue shredder (Oiagen Chateworth, 
CA) followed by purrfication (RNA purification krt; Qiagen). RNA was eluted in DEPC-treated HjO (50 nl). cDNA v«s 
made with random hexamets as primers and Superscript II reverse transcriptase (Gibco BRL, Garthersburg, MD). 
Duplicate reactions were set up in the presence or absence of Superscript II RT. FIV specific oligonuc eotjdes were 
used to amplify gene specific fragments by PGR. PGR products were analyzed by running each sample (1 0(il) on a 1 .2 

% aqarose gel. . 
[0167] The RTPCRdata indicated that cells transiently transfected with each of the seven constructs expressed the 

20 appropriate mRNA. 

7 a FlV-idl nene Expression Detected bv Re v erse Transcriptase (RT) APtivitY Assay 

roi681 Gene expression of the RT, POL 1 and POL II constructs was tested by RT activity assay using a Reverse 
25 Transcription Assay Ktt (Boehringer Mannheim). Transfected CRFK cells were harvested at 48 hr post-transfection and 
resuspended in lysis buffer (40 ,il). The RT ELISA assay was performed according to the manufacturer's protocol (Boe- 
hringer Mannheim, Indianapolis, IN). The results showedthatthe RT construct, but notthe POL I and POL II constructe, 
resulted in significant RT activity, indicating that functional RT protein was expressed in transfected cells carrying the 
RT construct. Failure to detect RT activity for the POL I and POL II constructs may indicate that the expressed protein 
30 was not property processed. 

fl FXAMPLE: EFFICACY OF DNA VAC CINATION IN CATS 
fi.1. Preparation of plasmld DNA for vaccination 

[0169] Production of bulk purified plasmld DNA for this animal study was contracted to Bayou Biolabs (Harahan, 
LA) Coded samples of plasmid DNA (1 ng) were sent and each was transformed into DH5a E. col, competent cells. 
Each done was grown in 8 Irters of enriched broth. Plasmid DNA In all forms was purified A^. fo"owed pu^J'^afton 
of the supercoiled fom,. The final purified DNA was dissolved in phosphate buffered saline (PBS) with 1 r^M EDTA at a 

40 concentration of 2-5 ng/^J. DNA concentration was detemnined by UV absort)ance and by fluorometry Both rnetho^ 
gave the same concentration, confirming an absence of nucleotide contamination. Plasmid DNA was also analyzed by 
electrophoresis on a 1% agarose gel. Ethidium bromide stained gels showed that all the supercoiled pun led plasmid 
DNA preparations were a mixture of mostfy supercoiled plasmid wrth a small amount of dimenc supercoiled plasmid^ 
No linear or nicked plasmid DNA, chromosomal DNA or mRNA contamination was visible on the gel. The plasmid DNA 

45 was shipped on dry ice and stored at - 70°C. 

8.2. Vaccination and Challenge 

[01701 Four experimental vaccines were assembled, each with different combinations of the 1 6 FIV-141 gene con- 
structs (300 ng DNA from each construct/dose). Vaccine 1 (XFIV-1) consisted of all 16 FIV-141 gene constructs. Vac- 
cine 2 (XFIV-2) consisted of 7 structural gene constructs, including GAG. MA, CA. NC, ENV, SU JM Vacane 3 
(XFlV-3) consisted of a mixture of structural and nonstructural gene constructs, including DU, PR. GAG NC and MA. 
Vaccine 4 (XFIV-4) consisted of 9 nonstructural and regulatory gene constructs. Including Rev, ORF2. Vif, IN, DU, Hi. 

[^o'lVl^ ' Pl^cebU" Insisted of both pCMV-MCS and pCMV-HA expression vectors in equal proportions. Since the 
total DNA given in one dose varied between experimental vaccines, the amount of placebo DNA (2400 ng) was an aver- 
age between the highest and lowest DNA doses. The appropriate volume of stock DNA from each construct was dis- 
solved in sterile PBS (GIBCO). The final volume for each dose ranged from 2-3 ml. 
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[0172] Antibody-profile defined, barrier- reared, domestic cats (n=60, approximately 8 weeks of age, no smaller 
than 0.5 kg) were obtained from Liberty Research, Inc. (Waverty, NY.). Cats were vaccinated with killed vaccines to 
feline herpes virus, feline calicivirus, and feline parvovirus. Sixty cats were randomly assigned by litter and sex to 6 
groups prior to vaccination (TABLE 3). 



TABLE 3 



GROUP 


VACCINE 


CHALLENGE 


n 


1 


Placebo 


YES 


10 


2 


Placebo 


NO 


10 


3 


XFIV-1 


YES 


10 


4 


XFIV-2 


YES 


10 


5 


XFIV-3 


YES 


10 


6 


XFlV-4 


YES 


10 



[0173] Combinations and doses of FIV-141 gene constructs in experimental vaccines are detailed in TABLE 4. 



TABLE 4 



VACCINE 


ANTIGEN(S) -QUANTITY/DOSE 


VOUDOSE 


Placebo 


1200^9 pCMV-MCS DNA + 1200 ^ig pCMV-HA DMA; Total = 2400 DNA 


2 ml 


XFIV-1 


300 ^g each DNA from Gag, POL 1, POL II, ENV, SU, TM, PR, RT, DU, IN, Ma, CA, NC, 
Vif. Rev, 0RF2; Total = 4800 ^g DNA 


3 ml 


XFiV-2 


300 |ig each from Gag, TM, SU, ENV, NC, CA, f^A; Total = 2100 |ig DNA 


2 mi 


XFIV-3 


300 ^ig each of DU, PR, NC, Gag, MA; Total = 1500 ^g DNA 


2 ml 


XFIV-4 


300 ^g each of Rev, ORF2, Vif, IN, DU, RT, PR. POL 1, POL II; Total = 2700 ^ig 


2 ml 



[0174] Vaccines were administered intramuscularly at 4 week intervals when cats were 8, 1 2 and 1 6 weeks of age. 
Four weeks following the last vaccination, cats were challenged at age 20 weeks by inoculating 354 TCID50 FIV-141 
virus subcutaneously in the nape of the neck, and were observed for a total of 8 weeks post -challenge. 

8-3. Evaluation of Vaccine Efficacy 

[0175] Similar to HIV-1 disease progression (Graziosi etaL, 1993, Proc. NatL Acad. Sci. 90:6405-6409), FIV RNA 
load in plasma has been demonstrated to correlate with disease stage, and can predict disease progression in accel- 
erated FIV infection (Diehl etal., 1995, J. Virol. 69:2328-2332; Diehl etaL, 1996, J. Virol. 70:2503-2507). In this study, 
peripheral blood was drawn weekly to monitor the efficacy of the vaccination. Plasma viral loads were determined by 
both quantitative competitive-reverse transcription-polymerase chain reaction (QcRT-PCR), and quantitative virus iso- 
lation on FeP2 cell culture. 

8.3.1 . Quantitation of Viral RNA in Plasma by QcRT-PCR 

[0176] Viral RNA was isolated from plasma samples using 01 Amp Viral RNA Purification Kit (Qiagen). Each purified 
RNA sample was distributed into four tubes, and into each tube was added an internal competitive RNA template with 
decreasing amounts of RNA (from 1000 fg, 100 fg, 10 fg to 1 fg). RNA samples were subjected to RT-PCR using the 
Titan One Tube RT-PCR System (Boeh ringer Mannheim). A one-step PCR protocol provided by the manufacturer was 
perfonned with minor modifications to increase the sensitivity of the assay. The RT-PCR reaction was set up In a total 
volume of 38.5 ^l containing: 6.5 mM DTT, 0.3 units RNase inhibitor, 0.3 mM dATR 0.3 mM dGTR 0.3 mM dTTR 0.3 
mM dCTR 10.4 ng of each FIV specific oligonucleotide, /.a, QPCR-11 (fonward primer 1392-TGTAGAGCATGGTAT 
CTrGAAGCATTAGGAAA-1423) (SEQ ID NO. 48), and OPCR-02 (reverse primer 21 75-GTTCCTCTCTTTCCGCCTC- 
CTACTCCAATCATATT-2141) (SEQ ID NO:49), 1.95 mM MgClg, and 1 ^il of Titan Enzyme Mix. RT-PCR amplification 
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conditions were 50°C for 90 nnln, 94°C for 3 min; followed by 30 cycles of denaturing at 94°C for 30 sec, annealing at 
55°C for 1 min, and extension at 72*^0 for 2 nnin; followed by 72°C for 10 min. 

[0177] Each PGR sample was separated on a 1.0% agarose gel and stained with ethidium bronnide. Quantitation 
of viral RNA load was determined by comparing the intensity of the positive DNA band with that of the internal compet- 
5 itive standard control DNA band using the Gel-Doc system (Bio-Rad Laboratories). 

8.3.2. Quantitation of Viral Load in Plasma by Virus Isolatio n 

[0178] Virus quantitation by culture was perfomned based on a modification of a method described by Meers etaL, 
10 1 992, Arch. Virol. 1 27:233-243. An tL-2 dependent feline T cell line (FeP2 cells) developed in the laboratory was used 
for virus isolation from plasma. FeP2 cells were grown in complete medium (CM) consisting of RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum (FBS), 1% GlutaMAX-1, Insulin-Transfemn-Selenium-S (ITS-S) 
43 mg/ml (100X) at 1%, Non-Essenttal Amino Acids Solution (NEAA) 10 mM (lOOX) at 1%, 2-mercaptoethanol 5.5 X 
10"^ M (1000X) at 1 ^il/ml. sodium pyruvate 100 mM (100X) at 1%, gentamicin 50 mg/ml at 0.1%, recombinant human 
75 IL-2 at 100 U/ml. and Con A at 1 |iig/ml. Each plasma sample was diluted 10-fold (lO'"" to 10""*) in a 48-well plate using 
diluent media (DM) consisting of RPMI-1640 supplemented with 5% FBS. 20mM HEPES, 50^g/ml gentamicin, 4U/ml 
heparin. Infection was can-ied out by adding 8.5 x 10^ of FeP2 cells into each well, followed by incubating at 37°C for 
0.5 to 2 hr CM (700 |il) was then added to each well and cultures were maintained in the following manner: at day 3, 
500 ^il of supernatant was removed from each well and 700 ^il of CM was added back; at days 7, 1 0, 1 3, 1 6, 1 9, 22 and 
20 25, 675 \i\ of supernatant was removed from each well and 700 nl of CM was added back. Cultures were tenninated at 
day 30. From day 19 to 30, the culture fluid removed from each well was tested for the presence of FIV p26 using an 
FIV p26 antigen kit (IDEXX). Virus titer was calculated as the reciprocal of the last positive dilution and reported as tis- 
sue culture infectious dose (VC\D)^Q^rr)L. 



25 8.3.3. Viral Load in Plasma Post-Challenge 

[0179] Compared with group 1 (placebo, challenged), groups 4 and 5 exhibited significant decreases in cumulative 
plasma viral load during the period of 8 weeks post-chailenge. Groups 4 and 5 exhibited decreases of 1 9.3 fold and 254 
fold, respectively, in cumulative plasma viral loads, as determined by virus isolation (FIGURE 4). Groups 4 and 5 also 

30 exhibited decreases of 7.0 and 7.1 fold, respectively, in cumulative plasma viral RNA toads, as detected by QcRTPCR 
(FIGURE 5). Group 4 was vaccinated with XFtV-2 consisting of 7 structural gene constructs, including GAG, MA, CA, 
NC, ENV, SU and TM. Group 5 was vaccinated with XFIV-3 consisting of a mixture of structural and nonstructural gene 
constructs, including GAG, NC, MA, DU and PR. Group 3 exhibited a 4.4 fold decrease in plasma viral load, as deter- 
mined by virus isolation, and a decrease of 6.7 fold in plasma viral RNA load, as determined by QcRT-PCR (FIGURES 

35 4, 5). Group 3 was vaccinated with XFIV-1 consisting of all 16 gene constructs. Group 6 exhibited a 3.8 fold decrease 
in plasma viral load and plasma viral RNA load, as determined by virus isolation and QcRT-PCR, respectively (FIG- 
URES 4, 5). Group 6 was vaccinated with XFlV-4 consisting of 9 nonstructural and regulatory gene constructs, includ- 
ing Rev, 0RF2, Vif, IN, DU, RT, PR. POL I and POL II. 

[0180] Compared with group 1 (placebo, challenged), group 5 exhibited fewer time points when plasma virus titers 

40 were higher than 1 0 infectious doses/ml, as detected by virus isolation (FIGURE 6). Throughout the 8 week study, only 
3 cats, for a total of 4 time points, were determined to have virus titers higher than 1 0 infectious doses/ml. Consistent 
with this observation is the decreased number of total positive time points in group 5, as detected by QcRT-PCR (FIG- 
URE 7). VifBl RNA in plasma was detected at 10 time points throughout the whole study for group 5. Following groups 
is group 4, which had a marked decrease in the number of positive time points at which virus titers were higher than 1 0 

45 infectious doses/ml, as detected by virus isolation. Moderately fewer positive time points, compared to control, for 
plasma viral RNA were detected in group 4 by QcRT-PCR throughout the whole study (FIGURES 6 and 7). A slight 
decrease in positive time points for both virus isolation and QcRT-PCR was observed in group 3 compared with positive 
control (FIGURES 6 and 7). There appears to be no difference between group 6 and group 1 in temns of the number of 
positive time points detected by both virus isolation and QcRT-PCR (FIGURES 6 and 7). 

50 [0181] Although no vaccinated group tested in this study was totally protected from infection (i.e. , sterilizing immu- 
nity), decreases in plasma viral load were demonstrated in groups 4 and 5 during the monitoring period of 8 weeks post- 
challenge. FIV antigens in common among the two groups as encoded by the vaccine DNA include the GAG polypro- 
tein, MA and NC proteins. Among the various conclusions of this study we conclude that the GAG polyprotein and its 
substituent proteins, MA, CA and NC can stimulate protective immunity against FIV infection, and that polynucleotide 

55 molecules encoding these proteins are useful as vaccine agents. 

[0182] All patents, patent applications, and publications cited above are incorporated herein by reference in their 
entirety. 

[0183] The present invention is not limited in scope by the specific embodiments described, which are intended as 
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single illustrations of individual aspects of the invention. Functionally equivalent compositions and methods are within 
the scope of the invention. Indeed, vanous modifications of the invention, in addition to those shown and described 
herein, will beconne apparent to those skilled in the art from the foregoing description. Such modifications are intended 
to fall within the scope of the appended claims. 

SEQUENCE LISTING 
<110> Pr^lZER PRODUCTS INC. 

<120> DNA VACCINE AGAINST FELINE IMM'JNOCEFICIENCY VIRUS 

<130> PC10:'72A 

<140> 
<141> 

<15C> 60/138, 999 

<151> 1999-06-14 

<16C> 49 

<170> Patentin Ver. 2.1 

<210> 1 
<211> 9464 
<212> DNA 

<213> feline immunodeficiency virus 
<4C0> 1 

tgggaagatt attgggatcc tgaagaaata gaaaaaatgc taatggactg aggacgtaca 60 

taaacaagtg acagatggaa acagctgaat atgactcaat gctagcagct gcttaaccgc 120 

aaaaccacat cctatgtaaa gcttgccgat gacgtgtatc ttgctccatt ataagagtat 180 

ataaccagtg ttttgtaaaa gcttcgagga gtctctctgt tgagggcttt cgagttctcc 240 

cttgaggctc ccacagatac aataaaaaac tgagctttga gattgaaccc tgtcttgtat 300 

ctgtgtaatt tctcttacct gcgaatccct ggagtccggg ccagggacct cgcagttggc 360 

gcccgaacag ggacttgaaa aggagtgatt agggaagtga agctagagca atagaaagct 420 

gtcaagcaga actcctgcag gccttgtatg gggagcagtt gcagacgctg ctggcagtga 480 

gtatctctag tggagcggac ctgagctctg gattaagtca ctgctcacag gcctagataa 540 

agattatctg gtgactcttc gcggatcgtc aaaccagggg attcgtcggg ggacagccaa 600 

caaggtagga gagattctac agcaacatgg ggaatggaca ggggcgagac tggaaaacgg 660 

ccattaagag atgtagtaat gttgctgtag gggtagggag caggagcaaa aaatttggag 720 

aaggaaattt tagatgggcc ataaggatgg ctaatgtaac tacaggacga gaacctggtg 780 

atataccaga gactttagaa cagctaagat caatcatttg tgacttacaa gacagaagag 840 

aacaatatgg atctagtaaa gaaattgaca tggcaattac cactttaaaa gtttttgcag 900 

tggcaggaat tctaaatatg actgtaacta ctgccacagc agctgaaaat atgtatgctc 960 

agatgggatt agacaccaga ccatctataa aagaaagtgg gggaaaagaa gaaggacctc 1020 

cacaggctta tcctattcaa acagtaaatg gagcaccaca gtatgtagcc cttgatccaa 1080 

aaaiggigtc tr^tritcatg gagaaggcaa gagaggggct aggaggtgaa qaagrccaac 1140 

tgtggtttac agccttttca gctaatttaa catcaactga tatggctaca ttaattatgt 1200 

ccgcacctgg ctgtgcagca gataaagaaa tcctagatga aacactgaaa cagacgacag 1260 

ctgagtatga tcgtacccat cctcctgatg ggcctagacc gctgccctat ttcactgccg 1320 

cagagatcat ggggatagga ttgactcaag aacaacaagc agaacccagg LLtgccccag 1380 

ccagaat_gca gtgtagagca "ggtatcltg aagcattagg aaagctagcg gccataaadg 1440 
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ccaaatctcc ccgagcagta caattgaaqc agggaqctaa agagqactat tcctcattca ISOO 
tagatagact atttgctcaa atagatcaag agcagaacac agctgaggta aagctgtatt 1560 
taaaacaatc tttgagcata qcaaatgcta atccagattg taagagagcg atgagtcatc 1620 
ttaaaccaga aagtacttta gaaqagaaac tgagagcctg ccagqaaata ggatcgccag 1680 
gatacaaaat gcaactattg gcagaggctc ttactagggt gcaaacagtt caagcaaaag 1740 
gaccaaggcc agtatgtttc aattqtaaaa aaccaggaca cctggccaga caatqtagac 1800 
aagcaaagag atgtaataaa tgtggaaaac ctggtcacct agctgctaac tgttggcaag 1860 
gaggtaaaaa gtccccggga aacggggcga tggggcgagc tgcagcccca gtaaatcaag 1920 
tgcagcaagt gataccatct gcacccccgg tagaggagaa attgttagat atgtaaacta 1980 
taataaagtg ggtaccacca caactttaga aaaaagacct gaaatacaaa tattcqtaaa 2040 
tgggtatcct ataaaatttt tattagatac aggagcagat ataacaattt taaacagaaa 2100 
agactttcag atagggaatt ctatagaaaa tgggaaacag aatatgattg gagtaggagg 2160 
cggaaagaga ggaacaaatt atatcaatgt gcatttagaa attagagatg aaaattataa 2220 
gacacagtgt atatttggaa atgtgtgtgt cttggaggat aattcattaa tacaaccatt 2280 
attgggaaga gataacatga ttaagttcaa cataaggLtg gtaatggctc aaatttcaga 2340 
gaaaattcca atagtaaaaq taagaatgaa agaccctact caagggcctc aggtaaaaca 2400 
atggccatta tcaaatgaga aaattgaagc tctaactgac atagtaaaca ggttagaaca 2460 
agagggaaag gtaaaaagag ctgatccaaa taatccttgg aacactcccg tatttgcaat 2520 
caaqaaaaaq aatggtaaat ggagaatgct catagatttt agggtcctaa ataaattaac 2580 
agacaaaggg qcagaagttc agttagqact ccctcatcct gctgqattac aattgaaaaa 2640 
acaagtaact gtattggaca tagggqacgc atattttact attcctctag atccagatta 2700 
tgctccttat actgcattta cactacctag aaaaaacaat gcaggaccag ggaggagata 2760 
catatggtgt agtttaccac aagggtgggt cttgagtcca ttgaratatc agagtacctt 2820 
agacaatata ctccaacctt ttattaaaca gaatcctgaq ttagatattt atcaatatat 2880 
ggatgatatc tatataqgat caaaLttaag taaaaaqgaa cataaactaa aaqtaqaaga 2940 
attaagaaaa ttgttattat ggtggggatt tgaaaccccg gaagataaat tacaagaaga 3000 
gcccccctat aagtggatgg gctatgaatt acatccatta acgtggtcaa tacagcaaaa 3060 
gcaattagaa attccagaga gacccacatt aaatgaatta cagaagttag caggtaagat 3120 
taactgggct agtcaaacca ttccagactt gagcataaaa gaactaacta atatgatgag 3180 
aggagatcaa aagttagact caataagaga atggacgaca gaggccaaga atgaagtgga 3240 
gaaagctaag aqagcaattg agacacaggc acaqctagga tattatgatc ctaatcgaga 3300 
attatatgct aaattaagtc ttgtgggacc acatcaacta agctatcagg tgtatcataa 3360 
aaacccagaa cagatattat ggtatgggaa aatgaatagg cagaagaaaa aagcagaaaa 3420 
tacttgtgat atagctctaa gggcatgtta caaaataaga gaagaatcca ttataagaat 3480 
aggaaaagaa ccagtatatg aaatacctac atccagagaa gcttgggaat caaatctaat 3540 
tagatctcca tatcttaagg cctcaccacc tgaggtggaa tttatacatg ctgccttaaa 3600 
tataaaaaga gctctaagca tgatacaaga tgcccctata ttgggagcag aaacatggta 3660 
catagatggg ggaagaaaac aaggaaaagc agcaagagca gcttattgga cagatacggg 3720 
cagatggcag gtaatggaaa tagaaggaag taatcaaaaa gcagaagtac aagctttatt 3780 
attggcccta caggcaggac cagaggaaat gaatattata acagattcac aatatattgt 3840 
gaatatcatt aatcaacaac cagatttgat ggaaggaatt tggcaagaag tcttagaaga 3900 
aatggaaaag aaaqtaqcaa tctttataga ttqqqtacct ggacataaag gtattccaqg 3960 
aaataaagag gtagatgaac tttgtcaaac gatqatqgtt atagaaggtg aaggaatatt 4020 
agataaaaga tcagaagatg caggatatga tttattagct gcacaagaaa tacatctctt 4080 
gcctggggag gtaagagtag taccaacaag aacaaagata atgttaccta aaggatattg 4140 
gggattaata atgggaaaaa gttcaatggg aagcaaagga ttagatgtat taggaggagt 4200 
tatagatgaa ggatatagag gagaattagg ggtgataatg attaacctat ctaaaaaatc 4260 
aataacatta tcagaaaaac aaaaagtagc acaattaata atattacctt gtaaacatga 4320 
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aagcttacaa caaggagaaa taataatgga ttcagaaaga ggaagaaagg gatttgggtc 4380 

aactggagtc ttttcttcat gggtggacaq aattgaggaa gcagaattaa atcatgaaaa 4440 

atttcactca gacccacaat acttaagaac agaatttaat ctacccagaa tagtagcaga 4500 

ggaaataaaa agaaaatgtc ccttatgtag aatcagaggg gaacaagtag ggggacaatt 4560 

aaagattgga cctggcatat cgcaaatgga ctgtacacac tttaatggaa aaataattac 4620 

tgtcgcagtg catgtggaat caggcttatt atgggcacag gtaattccac aggagactgc 4680 

agattgtaca gt::aaagctc tcatgcaact tatcagtgct cataatgtta cagaactaca 4740 

aacagataat ggaccaaatt ttaaaaatca gaaaatggaa ggactactaa attatatggg 4800 

aata^aacac aaattaggta taccaggtaa cccacaatca caagcattag tagaaaatgc 486C 

caaccacaca ttaaaatctt ggattcaaaa atttctctca gaaacttctt ctttggacaa 4920 

cgcattggcc ctagccttat actgcctcaa ttctaaacaa aggggtagac tagggagaat 4980 

ggctccttat gaattataca tacaacagga atcattaaga atacaagact atttttcaca 5040 

aattccacaa aaattaatga tgcaatgggt gtattataaa gatcagaaag ataaaaagtg 5100 

gaaggqacca atgagagtag aatattgggg acaaggatca gtat-tattaa agaatgaaga 5160 

gaagggatat tttcttgtac ctaggagaca cataagaaga gtcccaqaac cctgcactct 5220 

tcctgaaggq gatgagtgac gaagattggc aggtaagtag aagactcttt gcagttctcc 5280 

aaggaggagt aaatagtgcc atgttataca tatcgaattt acctgaaaca gaacaggcac 5340 

aatataaaaa ggactttaag aaaaggctct tagaaaagga gactggattc atctatagat 5400 

taagaaaagc tgaaggaata aggtggagct ttcatacgcg tgattattat ataggatatg 5460 

taagagagat ggtggctggg tctagcctac aaaatagttt aagattgtat gtttatataa 5520 

gcaatccatt gtggcatcag tcataccgtc ctggcctgac aaattttaat acagagtggc 5580 

crtttgtaaa tatgtggata aagacaggat ttatgtggga tgatattgaa agccaaaata 5640 

tttgcaaagg aggagagatc tcacatggat ggggacctgg aatggtggga attgtgataa 5700 

aagcatttag ctgtggagaa aggaagatac aaattactcc tgtcatgatt ataagaggtg 5760 

agatagaccc acagaaatgg tgtggagatt gttggaatct gatgtgtctt aaatattcac 5820 

ttccaaatac attgcagagg cttgctatgc tggcgtgtgg caaagaggct aaagaatgga 5B80 

gaggctgttg taatcagcgt tttgtttctc ctttcagaac accctgtgac ctagaggtcg 5940 

tccagaacaa gcctaaaagg aatttattgt ggacgggaga attatgaatg gaagaaataa 6000 

tcccactgtt taataaggtt acagaaaagt tagatagaga agcagctatt agattgttta 6060 

ttttagctta tcaggtagac agatgcagat ttattagaat tttacaatta ttactttgga 6120 

gagatagatt taagtcaatc aattctaaat attgtttatg ctggctgtgc tgcaagtctg 61B0 

cttattggcg cttgcaatct acattatcca taaatactgc ctagaaatat ttcttittaat 6240 

atttcatctg cagatataaa catggcagag ggaggattta ctcaaaatca acaatggata 6300 

gggccagaag aagctgaaga attgttagat tttgatatag ctgtacaaat gaatgaagaa 6360 

ggtccattaa acccaggagt aaacccattt agggtaccag gaattacctc tcaagaaaag 6420 

gatgattatt gtcagatttt acaaccaaaa ctacaagaat taaagaatga aatcaaagag 6480 

gtaaaacttg acgaaaacaa tgcaggtaag tttagaaagg caagatattt aagatattct 6540 

gatgagagtg tactaactat agtctattta ctaacaggat arttgagata tttaataagc 6600 

catagaaact taggatcttt aagacatgat atagatatag aagcaccaca acaagagcac 6660 

tataatgata aagaaaaggg tactacttta aatataaagt atgggagaag atgttgtatt 6720 

agcacattac ttctatattt aatcctcttc tcagggatag gaatttggct tggaaccaaa 6780 

gcacaagtag tgtggagact ccctccttta gtagtgccag tagatgagac agaaataata 6840 

ttttgggatt gttgggcgcc agaggaacca gcctgtcaag attttctggg aacaatgata 6900 

catttaaaag caaatgttaa tataagtata caagaaggac ctacattggg aaattgggca 6960 

agggaaattt ggtctacatt atttaaaaaa gctacaaggc aatgcagaag gggaaggata 7020 

tggaagaaat ggaatgagac tataacagga cctaaaggat gtgcaaataa tacctgttat 7080 
aatatttcag tagtggtacc tgattatcaa tgctatgtag acagagtaga tacatgqctg 7140 
caaggaaaag ttaatatctc actatgtttg acaggaggaa agatgctata taataaaaat 7200 
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acaaaacaat taaqttactq tacaqatcca ttacaaatac cattaattaa ttacacattt 7260 
ggacctaacc aaactLgtat gtqgaacaca tctttaatca aagaccctga gataccgaaa 7320 
tgtggatggt ggaaccaggc agcctattat aataattgta aatgggaaga agctaatgtg 7380 
acatttcaat gtcaaagatc acaaagtcta ccaggatcat gggttaggag aatctcttca 7440 
tggagacaaa gaaacagatg ggagtggagg ccagactttg aaagtgagaa agtaaaaata 7500 
tcattacaat gtaatagtac aaaaaattta acttttgcaa tgagaagttc aagtgattat 7560 
tatgatgtac aagqagcatg gatagaattt ggatgttata gaaataaatc aagaacccat 7620 
acgggagcaa gatttagaat aagatgtaaa tggaatgaag gaaagaatct atctctcatt 7680 
gatacatgtg ggactacttc aaatgtgaca ggagccaacc ctgtagattg tactatgaaa 7740 
dcaagcacta tgtacaattg ttccttacaa gatagtttca ctatgaaaat agaggacctt 7800 
attgtacaat ttaatatgac aaaagcaqtq gaaatgtata atattgctgg gaattgqtct 7860 
tgtacatctg atttaccaac agggtgggga tatatgaaat gtaattgtac aaatgccact 7920 
gatggggaga ataaaatgaa atgccctagg aatcagggta ttttaagaaa ctggtacaat 7980 
ccagttgcag gactaagaca agctcttatg aagtatcaag tagtaaaaca accagaatat 8040 
ttggtggtac cggaagaagt tatgaggtat aaaggtaaac aaaaaagggc cgctattcat 8100 
attatgttag cccttgctac ggtgtcatct atagctggag caqgaaccqg tgccactgct 8160 
attgggatgg tgacacacta tcagcaagtt ttggctaccc atcagcaggc attggacaaa 8220 
ataactgagg cactgaaaat aaacaactta aggttaatca ctttagaaca tcaagtatta 8280 
gtgatagggt taaaagtaga ggctatagaa aaattcctat atacagcttt tgctatgcaa 8340 
gaattaggat gtaatcagaa tcaattcttt tgtaagattc ccctcaarct gtggacaatg 8400 
tataacatga ctataaatca tacactatgg aatcatggaa atataacttt gggagaatgg 8460 
tataatcaaa caaaaagttt acaagaaaaa ttttatgaga taattatgga tatagaacaa 8520 
aataatgtac aagggaaaaa tggaatacaa caattacaaa aatgggaaaa ttgggtggga 8580 
tggataggca aaatccctca atatttaaaa ggacttcttg gtagtgtgtt gggaatagga 8640 
ct^ggaatct tactactact tatatgcttg cctacattag tagattgtat aagaaactgt 8700 
actaataaaa tattgggata tacagttatt gcaatgcctg aaatagatga tgaggaagta 8760 
cacccatcag tggaattgag gagaaatggc aggcaatgtg gcatatctga aaaagaggag 8820 
gaatgatgga gcatttcaga cctgtagaat acaggagtaa tgctgagctg agttcttccc 8880 
tttgaggagg atgtgtcata tgaatccatt tcaaatcaaa aataacagta aaatctatat 8940 
tgtaaggcaa acgaaaaaga caacgcagaa gaagaaagaa gaaggccttc aaaaaattga 9000 
tgctggattt agaggctcga tttaaagcgt tgtttgaaac accttcagct acagaatata 9060 
ctgcagacga gacagaagaa gagactcttg aaaaagaaaa aagggtggac tgggaagatt 9120 
attqggaccc cgaagaaata gaaaaaatgc taatggactg aggacgtaca taaacaagtg 9180 
acagatggaa acagctgaat atgactcaat gctagcagct gcttaaccgc aaaaccacat 9240 
cctatgtaaa gcttgccgat gacgtgtatc ttgctccatt ataagagtat ataaccagtg 9300 
ttttgtaaaa gcttcgagga gtctctctgt tgagggcttt cgagttctcc cttgaggctc 9360 
ccacagatac aataaaaaac tgagctttga gattgaaccc tgtcttgtat ctgtgtaatt 9420 
tctcttacct gcgaatccct ggagtccggg ccagggacct cgca ^4 64 



<210> 2 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Descripticn of Artificial Sequence: PRIMER 
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15 



50 



<4C0> 2 

ccgcaaaacc acatcctatg taaagcttgc 30 



<210> 3 

<:ii> 33 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<4 00> 3 

cgcccctgtc cattccccat gttgctgtag 30 



20 ' 
<211> 30 

<212> DNA 

<213> Artificial Sequence 

25 <220> 

<223> Description of Artificial Sequence: PRIMER 

<400> < 

araaacagat aatggaccaa attttaaaaa 



<210> 5 

<211> 30 

35 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 

40 



<4C0> 5 

gcaatgtggc atgtctgaaa aagagqagqa 30 



<210> 6 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: PRIMER 
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<400> 6 

tctgtgggag cctcaaggga gaactc 



<210> 7 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 1 

tcttcccttt gaggaagata tgtcatatga atcc 



<210> 8 
<211> 30 
<212> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 

<400> 8 

ttactgtttq aataggatat gcctgtggag 



<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 9 

ttaaaggatg aagagaaggg atattttctt 



<210> 10 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
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75 



45 



50 



<400> 10 

tttcaatatc azcccacata aatcctgt 28 



<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<22C> 

<223> Description of Artificial Sequence: PRIMER 
<400> 11 

tgggaagatt attgggatcc cgaagaaata 30 



^ <210> 12 

<211> 40 
<212> DNA 

<213> Artificial Sequence 

25 <220> 

<223> Description of Artificial Sequence: PRIMER 

<A0O> 12 

catctcctat ataataatcd cgcgtatgaa agctccacct ^3 0 



<210> 13 

<211> 40 

35 <212> DNA 

<213> Artificial Sequence 

<220> 

<?23> Description of Artificial Sequence: PRIMER 

40 

<40C> 13 

aggtggagct ttcatacgcg tgattattat ataggatatg 40 



<21C> 14 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; PRIMER 
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<4O0> 14 

tgcqaggtcc ctggcccgga dec 

<210> 15 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 15 

ctccagggat tcgcaggtaa gagaaatta 



<210> 16 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 

<400> 16 

tttcatctgc atcgataaac atggcqqagg gagg 



<210> 17 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 17 

cctgtattct actagtctga aatqctccat cat 



<210> 18 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
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15 



45 



50 



<AOQ> 18 

tttcatctgc atcgataaac atggcggaqq gagg 34 



<210> 19 

<2U> 49 

<212> DNA 

<213> Artificial Sequence 
<220> 

<2r:3> Description of Artificial Sequence: PRIMER 

<400> 19 

gqgctaacat aatatgacta gttcaccttt tttgtttacc tttatacct 49 



^ <210> 20 

<2ll> 34 
<212> DNA 

<213> Artificial Sequence 

25 <220> 

<223> Description of Artificial Sequence: PRIMER 

<^00> 20 

gataggatcg actctacagc aacatgggga atgg 34 



<2:o> 21 

<211> 42 
35 <2\2> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 

40 

<400> 21 

gtcttcacta gtaagttgtg gtagtaccca ttgtattata gt 42 



<210> 22 

<2:i> 38 

<2i2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
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<400> 22 

qqtaaaaatc gatcatgaaa cgggqcqatq gggcgagc 

<210> 23 
<21L> 36 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 23 

actgcaacta gtcttctact tacctgccaa tcttcg 

<210> 24 
<211> 37 
<:2i2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 

< 'i-O 0 > 2h 

tgttagatcg ataatgtata ataaagtggg taccacc 

<210> 25 
<211> 36 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence; PRIMER 
<400> 25 

actgcaacta gtcttctact tacctgccaa tcttcg 



<210> 26 
<2il> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
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15 



40 



50 



<400> 26 

ggtaggatcg attctacagc aacatgggga a::gg 



<210> 27 
<2il> 31 
<2i2> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 27 

ctgtttgggg cccataagcc tgtggaggtc cttcttc 37 



20 ^^^^^ 2^ 

<211> 44 

<212> DNA 

<213> Artificial Sequence 

25 <220> 

<223> Description of Artificial Sequence: PRIMER 

<400> 28 

agacctatcg ataccatgcc tattcaaaca gtaaatggag cacc 44 



<210> 29 
<211> 36 
35 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 29 

tgcttggggc ccttgcaccc tagtaagagc ctctgc 36 



<210> 30 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
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10 



<400> 30 

ggctcttatc gataccatga cagttcaagc aaaaggacca ag 42 



<:io> 31 

<211> 38 
<212> DNA 

<ri3> Artificial Sequence 
<:20> 

<223> Description of Artificial Sequence: PRIMER 
<400> 31 

tattatgggc cccatatcta acaatttctc ctctaccg 38 



<210> 32 

20 

<211> 44 
<2i2> DNA 

<213> Artificial Sequence 

25 <220> 

<223> Description of Artificial Sequence: PRIMER 

<4 00> 32 

ccctgcdctc ttcatcqata ccatgagtga cqaagattgq cagg 44 

30 



<210> 33 
<2U> 47 
35 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 

40 

<400> 33 

gggattattt cttcgggccc taattctcct gtccacaata aattcct 47 



45 



50 



<210> 34 
<211> 42 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 
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15 



40 



50 



<';0C> 34 

ttgtgqacgg qaatcgatac catggaagaa a::aatcccac tg 42 



<210> 35 
<r-ll> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; PRIKER 
<400> 35 

atattaaaag aaatagggcc cggcagtatt tatggataat gt 42 



20 36 

<211> 46 

<212> DNA 

<213> Artificial Sequence 

25 <22C> 

<223> Description of Artificial Sequence; PRIMER 

<400> 36 

gtataaaggt atcgatacca tqgccgctat tcatattatg ttaqcc 46 



<210> 37 

<211> 42 

35 <2:2> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 37 

tgaaatgctg ggcccttcct cctctttttc agatatgcca ca 42 



<:iO> 38 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
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<400> 38 

tttcatctgc atcgataaac atggcggagg gagg 



<210> 39 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 39 

tgtacggggc ccgtccatta gcattttttc tatttc 



<210> 40 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 

<400> 40 

tgttagatcg ataatgtata ataaagtggg taccacc 



<210> 41 
<211> 43 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<40C> 41 

ctctgaaacg ggccccatta ccaaccttat gttgaactta ate 



<21G> 42 
<211> 46 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 
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<^00> 42 

aacataatcg ataccatggt ccagatttca gagaaaattc caatag 46 



<210> 43 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<r20> 

<223> Descripiicn ot Artificial Sequence: ?RIM=;R 
<4C0> 43 

ttctaggggc cccatcgttt gacaaagttc atctacctc 39 



<210> 44 
<2:i> 43 
<212> DNA 

<213> Artificial Sequence 

25 <220> 

<223> Description of Artificial Sequence: PRIMER 

<^00> 44 

cttrgtatcg alaccatgg'i tatagaaggt gaaugaataL tag 43 



<210> 45 
<211> 37 
<212> DNA 

<213> Artificial Sequence 



20 



35 



40 



50 



<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 45 

cacccagggc ccaaagactc cagttgaccc aaatccc 37 



<210> 46 
<211> 42 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence; PRIMER 
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<400> 46 

gggtcaatcg atacaatgtc ttcatgggtg gacagaattg aa 

<210> 47 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> Al 

caatctgggc ccctcatcac cttcaggaag agtgcagg 

<210> 48 
<211> 32 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 48 

tgtagagcat ggtatcttga agcattagga aa 

<210> 49 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: PRIMER 
<400> 49 

gttcctctct ttccgcctcc tactccaatc atatt 



Claims 

1. A vaccine compos-ition against feline immunodeficiency virus (FIV), comprising an immunologically effective 
amount of one or more polynucleotide molecules, wherein each polynucleotide molecule comprises a nucleotide 
sequence selected from a portion of the genome of an FIV strain, or a nucleotide sequence which is a degenerate 
variant thereof; and a veterinarity acceptable carrier. 
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2. The vaccine composition of claim 1, wherein each polynucleotide molecule comprises a nucleotide sequence 
encoding one or more of a structural or non -structural protein from an FIV strain, or a combination thereof. 

3. The vaccine composition of claim 2. wherein the structural protein is selected from the group consisting of the GAG 
polyprotein, MA, CA, NC. the ENV polyprotetn, SU and TM, and the non -structural protein is selected from the 
group consisting of the POL polyprotein, PR, RT, DU, IN, Rev, Vrf and 0RF2. 

4. The vaccine composition of claim 3, wherein the FIV proteins are selected from the group consisting of GAG, MA, 
CA, NC, ENV, SU, TM. DU and PR. 

5. The vaccine composition of claim 2, wherein the one or more polynucleotide molecules ertcode a combination of 
FIV proteins. 

6. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules comprise nucleotide 
sequences encoding at least two different FIV proteins selected from FIV structural and FIV non-structural proteins; 

provided that when the one or more polynucleotide molecules encode the ENV and NC proteins from FIV, they 
also encode at least one other FIV structural or non -structural protein. 

7. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules comprise nucleotide 
sequences encoding at least two different GAG proteins from FIV. 

8. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules comprise nucleotide 
sequences encoding at least one FIV structural protein and at least one FIV non -structural protein. 

9. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least three different FIV proteins selected from among the FIV struc- 
tural and FIV non-structural proteins. 

10. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules of the vaccine compositton 
comprise nucleotide sequences encoding at least four different FIV proteins selected from among the FIV structural 
and FIV non-structural proteins. 

11. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least five different FIV proteins selected from among the FIV structural 
and FIV non-structural proteins. 

12. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least six different FIV proteins selected from among the FIV structural 
and FIV non-structural proteins. 

13. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules of the vaccine composition 
comprise nucleotide sequences encoding at least seven different FIV proteins selected from among the FIV struc- 
tural and FIV non-structural proteins. 

14. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules of the vaccine composition 
comprise a nucleotide sequence encoding at least one FIV structural protein and a nucleotide sequence encoding 
at least one FIV regulatory protein. 

15. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules of the vaccine composition 
comprise a nucleotide sequence encoding at least one FIV POL protein and a nucleotide sequence encoding at 
least one FIV regulatory gene. 

16. The vaccine composition of claim 5, wherein the one or more polynucleotide molecules of the vaccine composition 
comprise a nucleotide sequence encoding at least one FIV structural protein, a nucleotide sequence encoding at 
least one FIV POL protein, and a nucleotide sequence encoding at least one FIV regulatory protein. 

17. The vaccine composition of claim 5, comprising one or more polynucleotide molecules comprising nucleotide 
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sequences encoding a combination of FIV proteins, which combination is selected from the group consisting of 
GAG/MA/CA/NC; GAG/ENV; GAG/MA/CA/NC/ENV/SUHT^; MA/CA/NC; GAG/MA/NC/DU/PR; and 
MA/CA/NG/SUATM. 

18. The vaccine composition of claim 1 . wherein the genome of the FIV strain has the nucleotide sequence of strain 
FIV-141 (ATCC VR-2619), as shown in SEQ IDN0:1. 

19. The vaccine composition of claim 5, wherein the nucleotide sequences encoding the combination of FIV proteins 
are on the same polynucleotide molecuie 

20. The vaccine composition of claim 5, wherein the nucleotide sequences encoding the combination of FIV proteins 
are on two or more different polynucleotide molecules. 

21. The vaccine composition of claim 2, further comprising a supplemental component selected from the group con- 
sisting of an adjuvant a cytokine, a polynucleotide molecule comprising a nucleotide sequence encoding a 
cytokine, and an agent to facilitate cellular uptake of polynucleotide molecules by a cat to which the vaccine com- 
position has been administered. 

22. The vaccine composition of claim 2, wherein the polynucleotide molecule is DNA. 

23. The vaccine composition of claim 22, wherein the DNA is in the fonn of a plasmid or a viral vector. 

24. The vaccine composition of claim 22, wherein the polynucleotide molecule is microencapsulated, or coated onto 
gold particles. 

25. A method of preparing a vaccine composition against feline immunodeficiency virus (FIV), comprising combining 
an immunologically effective amount of one or more polynucleotide molecules, wherein each polynucleotide mole- 
cule comprises a nucleotide sequence selected from a portion of the genome of an FIV strain, or a nucleotide 
sequence which is a degenerate variant thereof, with a veterinarily acceptable carrier. 

26. The method of claim 25, wherein the one or more polynucleotide molecules comprise nucleotide sequences encod- 
ing one or more of a structural or n on -structural protein from an FIV strain, or a combination thereof. 

27. The method of claim 26, wherein the structural protein is selected from the group consisting of the GAG polypro- 
tein, MA, CA, NO, the ENV potyprotein, SU and TM, and the non-structural protein is selected from the group con- 
sisting of the POL polyprotein, PR, RT DU, IN, Rev, Vif and 0RF2. 

28. The method of claim 25, further comprising adding to the vaccine composition a supplemental component selected 
from the group consisting of an adjuvant, a cytokine, a polynucleotide molecule comprising a nucleotide sequence 
encoding a cytokine, and an agent to facilitate cellular uptake of polynucleotide molecules by a cat to which the vac- 
cine composition has been administered. 

29. The method of claim 25, wherein the polynucleotide molecule is DNA. 

30. The method of claim 29, wherein the DNA is in the form of a plasmid or a viral vector. 

31. The method of claim 25, further comprising microencapsulating at least one of the polynucleotide molecules, or 
coating at least one of the polynucleotide molecules onto gold particles. 

32. A method of vaccinating a cat against feline immunodeficiency virus (FIV), comprising administering to the cat the 
vaccine composition of claim 1 . 

33. The method of claim 32, wherein the vaccine composition is administered parenterally orally intranasally, intra- 
muscularly, intrademnally, subcutaneously, or by use of gene gun. 

34. A kit for vaccinating a cat against feline immunodeficiency virus (FIV), comprising a first container comprising the 
vaccine composition of claim 1 . 
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35. The kit of claim 34, wherein the vaccine connposition is in tyophilized form. 

36. The kit of claim 35, further comprising a second container comprising a sterile diluent useful to dilute or rehydrate 
the vaccine composition in the first container. 

37. An isolated antibody that binds specifically to an FIV protein. 

38. A vaccine composition against feline immunodeficiency virus (FIV), comprising an immunologically effective 
amount of one or more of a GAG protein, POL protein, ENV protein or regulatory protein from an FIV strain. 

39. The vaccine composition of claim 38, comprising a combination of FIV proteins. 

40. The vaccine composition of claim 39, wherein the proteins comprise at least two different FIV proteins selected 
from among the FIV structural and FIV non-structural proteins. 

41. The vaccine composition of claim 39, wherein the proteins comprise at least two different GAG proteins from FIV. 

42. The vaccine composition of claim 39, wherein the proteins comprise at least one FIV structural protein and at least 
one FIV non-structural protein. 

43. The vaccine composition of claim 39, wherein the proteins comprise at least three different FIV proteins selected 
from among the FIV structural and FIV non-structural proteins. 

44. The vaccine composition of claim 39, wherein the proteins comprise at least four different FIV proteins selected 
from among the FIV structural and FIV non-structural proteins. 

45. The vaccine composition of claim 39, wherein the proteins comprise at least five different FIV proteins selected 
from among the FIV structural and FIV non -structural proteins. 

46. The vaccine composition of claim 39, wherein the proteins comprise at least six different FIV proteins selected from 
among the FIV structural and FIV non -structural proteins. 

47. The vaccine composition of claim 39, wherein the proteins comprise at least seven different FIV proteins selected 
from among the FIV structural and FIV non -structural proteins. 

48. The vaccine composition of claim 39, wherein the combination of FIV proteins is selected from the group consisting 
of GAG/MA/CA/NC; GAG/ENV; GAG/MA/CA/NC/ENV/SU/TM; M(M/CA/NC; GAG/MA/NC/DU/PR; and 
MA/CA>TVJC/SU/TM. 

49. The vaccine composition of claim 39, further comprising an immunomodulatory component selected from the 
group consisting of an adjuvant, a cytokine, and a polynucleotide molecule comprising a nucleotide sequence 
encoding a cytokine. 

50. A method of preparing a vaccine composition against feline immunodeficiency virus (FIV), comprising combining 
an immunologically effective amount of a combination of FIV polypeptides, whrch combination is selected from the 
group consisting of GAG/MA/CA/NC, GAG/ENV, GAG/MA/CA/NC/ENV/SU/TM, MA/CA/NC, GAG/MA/NC/DU/PR, 
and MA/CA/NC/SU/TM; with a veterinarily acceptable carrier. 

51. A method of vaccinating a cat against feline immunodeficiency virus (FIV), comprising administering to the cat the 
vaccine composition of claim 38. 

52. An oligonucleotide molecule selected from the group consisting of SEQ ID NOS: 2 to 49, or the complements of 
said sequences. 
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FIG. 2 
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FIG. 3 
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